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1.0 INTRODUCTION

Beazer East, Inc. (Beazer), the successor of Koppers Company Inc., is in the process
of implementing a Record of Decision (ROD) issued for the South Cavalcade site,
located in Houston, Texas. The South Cavalcade site is a former wood treating site
which operated between 1910 and 1962. From 1962 to the present, various owners
for light industrial purposes occupied the site.

The 66 acre site was placed on the National Priorities List in 1984 and in 1985
Koppers agreed to conduct a Remedial Investigation/Feasibility Study (RI/FS). In
1988, the RI/FS was completed and a ROD was issued in September of that same
year.

A "Detailed Statement of Work for South Cavalcade Site" (SOW) was prepared for
Beazer in May of 1990 by Bechtel Environmental, Inc. (Bechtel). The purpose of
this SOW is to present the activities necessary to develop a remedial design for the
selected alternatives.

The ROD requires soil remedial activities to consist of a combination of soil
washing and in situ soil flushing with a possibility for subsequent in situ
biodegradation should cleanup criteria not be attained. For groundwater,
remediation will consist of pretreatment followed by filtration, activated carbon
adsorption and subsequent reinjection to the soil flushing unit or surface water
discharge to the Little Whiteoak Bayou.

A Remedial Design Work Plan has been prepared in accordance with a Consent
Decree between Beazer and the EPA. The work plan presents the required
activities necessary to obtain information and design the full-scale remedial action.
The components of the Remedial Design Work Plan are as follows:

Detailed Statement of Work (SOW),
Sampling and Analysis Plan (SAP),

South Cavalcade _———.»»», «««. w 1-1 VKEYSTONE
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Quality Assurance Project Plan (QAPP),

Site Health and Safety Plan (H&S), and
Pilot Treatability Work Plan.

The objective of this document is to present a conceptual approach to the pilot
treatability work required to finalize the remedial design, and to describe the data
that must be collected prior to final design of the pilot study. Currently, there is not
enough site-specific data available to provide detailed designs of the pilot treatment
systems. The Pilot Treatability Work Plan describes the treatment processes,
additional data requirements, and procedures for design, construction, and
operation of pilot-scale treatability tests. The pilot-scale test will be conducted to
obtain data to verify attainment of cleanup goals using the selected remedies and to
obtain information for full scale design. The following are the specific pilot tests
that are included in the Pilot Treatability Work Plan. It should be noted that the
groundwater extraction well pilot test is described in the SAP and is beyond the
scope of this document.

Trench Drain/Soil Flushing Pilot Test

As part of groundwater recovery pilot tests being performed to obtain design
information for an extraction/injection system, a trench drain/soil flushing pilot test
will be conducted. This pilot test will provide design information on soil
remediation by collecting and introducing flushing waters, and evaluate the
efficiency of surfactants to solubilize polynuclear aromatic hydrocarbons (PAHs).
The remedial goals are 700 ppm total potentially carcinogenic PAH and
achievement of the "no leaching potential criteria". The "no leaching potential
criteria" are described in Section 3.1 of the SAP.

South Cavalcade _———-«».»». 1-2 Y KEYSTONE
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Soil Washing Pilot Tests

Pilot testing will be performed to determine the methods, equipment, washing
agents, and criteria for soil washing. The remedial goals are the same as for the soil
flushing test.

Water Treatment Pilot Test

A pilot study of the water treatment system will be performed to define the design
of the systems, confirm the effectiveness of the water treatment, and confirm that
water quality standards after dilution with Little Whiteoak Bayou, or pretreatment
standards for discharge to POTW, can be met. Water to be treated in the water
treatment pilot test will be from three sources: the groundwater extraction well
pilot test, the trench drain/soil flushing pilot test, and the effluent washwater from
the soil washing pilot test. Water to be treated will be mixed and/or diluted to
provide the full range of pH levels, and PAH, solvent, and metals concentrations
anticipated for water treatment at this site.

For each of the three pilot tests mentioned above, the Work Plan has been
structured in a similar general format. First a description or preliminary design of
the pilot system has been provided along with specific objectives or design criteria
that need to be attained. Data requirements necessary to design the pilot systems
along with appropriate justification have been provided. Operational monitoring
and/or verification sampling has been specified, and tasks for development of
engineering recommendations for full-scale design have been proposed. It is
important to note that details regarding sampling protocol, test methods, QA/QC
procedures, etc. are detailed in the SAP and QAPP.

Section 2.0 of this document defines the ARARs or regulatory requirements that
pertain to the design and operation of the pilot system. Sections 3.0, 4.0, and 5.0
present the trench drain/soil flushing pilot test, soil washing pilot test, and water
treament pilot test, respectively. Section 6.0 lists the test methods applicable for the
data requirements, Section 7.0 presents an approach to in situ biological treatment,
and Section 8.0 presents a tentative project schedule.

South Cavalcade ^———•,
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2.0 POTENTIAL REQUIREMENTS FOR PILOT PLANTS

2.1 Introduction

As mentioned in Section 1.0, the Record of Decision (ROD) and Statement of
Work (SOW) have stipulated that several pilot treatability tests be conducted at the
site to confirm attainability of remedial goals and to obtain design information
necessary for the full-scale system design. The ROD has identified Applicable or
Relevant and Appropriate Requirements (ARARs) for the remedies selected.

SARA defines ARARs as:

any standard, requirement, criteria, or limitation under any federal
environmental law, and

any promulgated standard, requirement, criteria, or limitation under a
state environmental or facility siting law that is more stringent than
any federal standard, requirement, criteria, or limitation.

This definition of ARARs requires that many state and federal environmental
requirements be considered.

As part of this Work Plan an evaluation of state standards and federal requirements
that are applicable to the pilot treatability tests has been performed. Specifically,
for each of the pilot treatability tests, state standards and federal requirements that
either need to be attained or complied with have been identified. The scope of this
Treatability Study Work Plan does not include extraction well pump tests; therefore,
ARARs regarding pump test are not present. The following sections identify
requirements, including treatment goals, for each of the pilot treatability tests
described in this Work Plan.

South Cavalcade
157350-01 DCC#R962 9/91 2-1 KEYSTONE
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2.2 Soil Washing

A pilot test will be performed to determine the applicability of using water and
surfactants to desorb the potential constituents of concern (PCOC) from soil.
Treated water will be supplied to the soil washing unit from the water treatment
unit. Section 4.0 of this report contains a detailed description of soil washing
technology.

Treated soils meeting cleanup goals can be stockpiled and subsequently backfilled
and capped at the original excavation locations. Soils not meeting the cleanup goals
will require further treatment.

Based upon the ROD, the following ARARs have been identified for the soil
washing remedy:

Occupational Health and Safety Act (OSHA)
(29 CFR 1910)

Standard for Generators of Hazardous Waste
(40 CFR 262)

Closure and Post Closure
(40 CFR 264 G)

Waste Piles
(40 CFR 264 L)

Control of Air Pollution from Volatile Organic Compounds
(31 TAG 115)

Table 2-1 contains a listing of action-specific ARARs applicable to the pilot soil
washing unit. Soils designated for the soil washing system can be returned to the
excavated areas and capped after the total potentially carcinogenic PAH

South Cavalcade _———_„»«, «„«,,/, 2-2 VKEYSTONE
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^c 2-1

POTENTIAL ACTION-SPECIFIC ARARs
SOIL WASHING PILOT UNIT

SOUTH CAVALCADE

ACTION REQUIREMENTS
FEDERAL TEXAS

PREREQUISITES FOR APPLICABILITY CITATION CITATION

SITE HEALTH AND
SAFETY PLAN

Required for the health and safety of
on site workers at or near the soil
washing unit.

STANDARDS FOR GENERATORS Requires recordkeeping and manifesting by
OF HAZARDOUS WASTE generators of hazardous wastes.

Construction/mobilization of the
unit.

Generation of hazardous waste.

29 CFR 1910

40 CFR 262 B
40 CFR 262 C
40 CFR 262 D

CLOSURE AND POST CLOSURE

to
toBi

General performance standards require
the owner/operator to close a facility in
a way which minimizes the need for
further maintenance and control; and
controls, minimizes or eliminates the
post-closure escape of hazardous waste,
hazardous constituents, leacheate,
contaminated runoff, or hazardous waste
decomposition products.

Disposal or decontamination of equipment,
structures, and soils.

Generation of hazardous waste. 40 CFR 264. 1 1 1

40 CFR 264.I l l

WASTE PILES

DCCR962 9/91

Performance standards which require the
owner/operators of facilities which
store or treat hazardous waste in piles
to use a liner and leachate collection
system.

Waste put into waste piles are subject
to Land Ban restrictions.

Generation of hazardous waste
and placement in a waste pile.

40 CFR 264.250

40 CFR 268.2

009376
009376



TABLE 2-1 (Coot.)

POTENTIAL ACTION-SPECIFIC ARARs
SOIL WASHING PILOT UNIT

SOUTH CAVALCADE

ACTION REQUIREMENTS
FEDERAL TEXAS

PREREQUISITES FOR APPLICABILITY CITATION CITATION

EXCAVATION OF SOIL The movement of excavated soils to a new
location may trigger land disposal
restrictions for the excavated material.

Material containing RCRA wastes,
subject to land disposal
restrictions, are placed in
another unit.

40 CFR 268.40 31 TAC 335.69
(Treatment Stnds)

31 TAC 335

CONTROL OF AIR POLLUTION Required for tanks containing volatile
FROM VOLATILE ORGANICS compounds.

Use or storage of VOCs. 31 TAC 115

N)I

DCCR962 9/91 009377
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concentration is reduced to below 700 ppm and the leaching criteria, as established §
by the OLM.

Table 2-2 lists the potentially carcinogenic PAH applicable to the soil washing unit.

2.3 In Situ Soil Flushing

A pilot test will be performed on a selected area using treated water and surfactants
to desorb the constituents of concern from the in situ soil into the water phase.
After desorbing the PCOC from the soil, the water will be pumped to the water
treatment system where the PCOC will be treated and the water will be recirculated
to the soil flushing area. Section 3.0 of this report contains a detailed description of
the pilot system proposed to accomplish the remedy.

Based upon the ROD, the following applicable laws/regulations have been
identified for the in situ soil flushing:

Occupational Health and Safety Act (OSHA)
29 CFR 1910)

Standard for Generators of Hazardous Waste
(40 CFR 262)

Closure and Post Closure
(40 CFR 264 G)

Control of Air Pollution from Volatile Organic Compounds
(31 TAG 115)

Table 2-3 contains a listing of action-specific ARARs applicable to the pilot in situ
soil flushing unit.

South Cavalcade T———7
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TABLE 2-2

REMEDIAL GOALS
SOIL WASHING/SOIL FLUSHING

SOUTH CAVALCADE

Oo

Chemical
SOILS (1)

Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)flouranthene
Benzo(k)flouranthene
Chyrsene
Dibenzo(a,h)anthracene
Indeno( 1 ,2,3-cd)pyrene

ROD Remedial Goal

(2)
(2)
(2)
(2)
(2)
(2)
(2)

and
and
and
and
and
and
and

Leaching Criteria (3)
Leaching Criteria
Leaching Criteria
Leaching Criteria
Leaching Criteria
Leaching Criteria
Leaching Criteria

(1) Statement of Work (SOW), A-1 .
(2) Total Potentially Carcinogenic PAH = <700 mg/Kg, SOW A-2
(3) Achievement of the leaching criteria will be determined by TCLP

extraction followed by PAH analysis unless correlation studies
determine that the Organic Leaching Model (OLM) adequately predicts
the "leaching potential".

2-3a
DCCR962 9/91

\KEYSTONE
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i ,u*LE2-3

POTENTIAL ACTION-SPECIFIC ARARs
IN SITU SOIL FLUSHING PILOT TEST

SOUTH CAVALCADE

ACTION REQUIREMENTS PREREQUISITES FOR APPLICABILITY
FEDERAL
CITATION

TEXAS
CITATION

SITE HEALTH AND
SAFETY PLAN

Required for the health and safety of
on site workers at or near the soil
washing unit.

STANDARDS FOR GENERATORS Required for the generators of hazardous
OF HAZARDOUS WASTE wastes.

Construction/mobilization of the
unit.

Generation of hazardous waste.

29 CFR 1910

40 CFR 262

CLOSURE AND POST CLOSURE General performance standards require
elimination of need for further
maintenance and control; elimination of
post-closure escape of hazardous waste,

, hazardous constituents, leachate,
> contaminated runoff, or hazardous waste

decomposition products.

Disposal or decontamination of equipment,
structures, and soils.

PROHIBITION OF AIR Monitoring may be required for certain
CONTAMINANTS ADVERSLY air contaminants.
EFFECTING HUMAN HEALTH

CONTROL OF AIR POLLUTION Required for tanks containing volatile
FROM VOLATILE ORGANICS compounds.

Generation of hazardous waste. 40 CFR 264. 1 1 1

40 CFR 264. 1 1 1

Use or storage of VOCs.

.. TAC ...

31 TAC 115

DCCR962 9/91 009380
009380



The SOW mandated the same cleanup goals for the in situ soil flushing unit as those
stipulated for the ex situ soil washing system. These goals are identified in Section
2.2

2.4 Water Treatment Pilot Plant

The pilot water treatment plant (P-WTP) will use physical/chemical separation
followed by activated carbon adsorption to treat water from the soil washing pilot
test, soil flushing pilot test, and groundwater extraction well pump tests. The P-
WTP will provide design criteria, confirm the effectiveness of the water treatment
system, and confirm compliance with discharge standards. Treated water will either
be piped back to the in situ soil flushing pilot unit or discharged directly to a storm
drain for ultimate discharge to Little Whiteoak Bayou via NPDES permit. Any non-
aqueous phase liquids or solids from the pretreatment processes will be handled in
accordance with the ROD, Consent Decree, and Statement of Work.

Based upon the ROD, the following ARARs have been identified for the Pilot
Water Treatment Plant.

OSHA
(29 CFR 1910)

Water Quality Standards (Criteria)
(40 CFR 131)

Criteria and Standards for the National Pollution Discharge
Elimination System
(40 CFR 125)

Hazardous Materials Transportation
(40 CFR 106, 171-172)

Standards Applicable to Generators of Hazardous Waste
(40 CFR 262)

South Cavalcade r———7
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Standards Applicable to Transporters of Hazardous Waste
(40 CFR 263)

Standards Applicable to Owners and Operators of Hazardous
Waste Treatment, Storage, and Disposal Facilities
(40 CFR 264)

Land Disposal Restrictions
(40 CFR 268)

Control of Air Pollution from Volatile Organic Compounds
(31 TAG 115)

VOC/Water Separators
(31 TAG 101)

The promulgated PCOC limitations of the above laws/regulations concerning pilot-
water treatment plants are summarized on Table 2-4.

As per the ROD, the water will be treated to levels equal to Maximum Contaminant
Levels and no detectable carcinogenic PAH. Cleansed groundwater will be
reinjected into the aquifer along with surfactants to help recover the contaminants.
Any excess water will be discharged to a storm drain for ultimate discharge to Little
Whiteoak Bayou in accordance with an NPDES permit. Table 2-5 summarizes the
potential discharge limitations for the soil flushing pilot test.
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TABLE 2-4

Action Requirement*

POTENTIAL ACTION - SPECIFIC ARARs
PILOT WATER TREATMENT UNIT

SOUTH CAVALCADE

_______________Prerequisites for Applicability
Federal
Citation

Texas
Citation

SITE HEALTH AND
SAFETY PLAN

Required for the health and safety of
on site workers at or near the soil
washing unit.

Construction/mobilization of the
unit.

29CFR 1910

WATER QUALITY STANDARDS Required for the protection of drinking
waters.

40CFR 131

NPDES DISCHARGE Establishes permit limitations for the
discharge of pollutants into navigable
waters.

Must discharge into a navigable
water.

40 CFR 125

NJIin

HAZARDOUS WASTE
TRANSPORTATION

STANDARDS FOR GENERATORS
OF HAZARDOUS WASTE

Manifesting, worker training required.

Required for the generators of hazardous
wastes.

Generation of hazardous waste.

Generation of hazardous waste.

40 CFR 106, 17 1 - 172

40 CFR 262 B-D

STANDARDS APPLICABLE TO
TRANSPORTERS OF
HAZARDOUS WASTE

Required for the transporters of
hazardous waste.

Generation of hazardous waste. 40 CFR 263

STANDARDS FOR OWNERS AND
OPERATORS OF HAZARDOUS
WASTE TREATMENT, STORAGE,
AND DISPOSAL FACILITIES

Establishes requirements for protecting
the public and environment from potential
releases from solid waste units.

Use of solid waste units. 40 CFR 264 F

Establishes requirements for protecting
the public and environment from potential
releases from tank systems.

Use of tank systems. 40 CFR 264J

LAND DISPOSAL
RESTRICTIONS

Required for landfill disposition of
hazardous waste.

Generation of hazardous waste. 40 CFR 268

DCCR962 9/91 009383
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TABLE 2-4 (ConUnued)
POTENTIAL ACTION - SPECIFIC ARARs

PILOT WATER TREATMENT UNIT
SOUTH CAVALCADE

Federal Texas
Action____________________Requirements_____________________PrercquUiteg for Applicability__________Citation_______Citation

CONTROL OF AIR POLLUTION Required for tanks containing volatile Use or storage of VOCs. 31 TAC 115
FROM VOLATILE ORGANICS compounds.

VOC/WATER SEPARATORS Air monitoring may be required. Use of VOC/water separation 31 TAC 101
device.

10IUl<r

DCCR962 9/91
009384



TABLE 2-5 goô
POTENTIAL DISCHARGE LIMITATIONS °

SOILS FLUSHING
SOUTH CAVALCADE

Chemical
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)flouranthene
Benzo(k)flouranthene
Chyrsene
Dibenzo(a , h)anthracene
Indeno(l ,2,3-cd)pyrene

RCRA
MCLs
mg/L

—

ROD

ug/L
ND
ND
ND
ND
ND
ND
ND

Arsenic 0.05
Chromium 0. 1 ( 1 )
Lead 0.05

(1) Effective June 1992.
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oomo\o
3.0 IN SITU SOIL FLUSHING PILOT SYSTEM °

3.1 Implementation Approach for the Pilot System

Implementation of the pilot system will be achieved through a sequence of related
investigation, design, and operation activities. These activities are necessary to
implement the pilot test, and consist of the following tasks:

Obtain predesign data,
Estimate system performance,
Develop design drawings for submittal to Agencies for approval,
Refine design,
Develop construction specifications,
Complete operation and testing plan for the soil flushing plot,
Construct pilot test plot,
Operate pilot test plot, and
After initial 8 month operating period, begin preparation of the
"Report of Findings".

Each of these tasks is briefly discussed below:

Predesign Data

The design data will be presented in tabular form, discussed, and evaluated to
support the below grade system design as identified in Section 3.1.5. Any existing
data which are applicable to the design will also be currently presented to fully
depict the site.

Design Drawings

The design drawings will provide sufficient detail to develop cost estimates, solicit
bids, and construct the pilot facilities. A plan view, profiles, and design details
prepared in standard engineering format will be presented.
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Construction Specifications

The construction specifications will generally be performance specifications that
define the requirements for the completed construction. The specifications will
provide requirements for construction of the pilot system.

Operation and Testing Plan

The operation and testing plan will describe and identify the methods to monitor the
soil flushing test plot. This plan will be submitted to EPA as part of the Pilot Study
Design document. Piezometers and/or monitoring wells will be proposed for
installation in the different units that have been identified (fill, sandy clay, and silty
sand) within and outside the test area to verify the functioning of the recovery
trench. Various types of piezometers will be evaluated and an appropriate
monitoring device will be specified in response to soil conditions encountered
during the site investigations.

In addition, changes in the operation of the system will be scheduled, such as
increased infiltration or extraction rates. The operational plan will be used as a
guidance document during the duration of the pilot test. The plan must be flexible
to allow for field adjustments in response to system performance or possible
environmental factors, such as precipitation events.

Report of Findings

At the completion of the scheduled pilot test (i.e. eight months), the report of
findings document will be developed describing the results of soil flushing
operations. In addition, a recommendation will be made for further operation of
the test, termination of the test, or viability of the system. If appropriate,
recommendations for implementing changes in the operation and/or flushing
solutions will be provided. Once the pilot test is complete, the results will be used
to determine if in situ soil flushing will be effective for soil remediation at the South
Cavalcade site and also to provide design data for full-scale implementation, if soil

South Cavalcade
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flushing is determined to be effective. An outline for the report is presented in
Table 3-1.

3.1.1 Objectives

The objective of the in situ soil flushing remediation is to reduce the concentration
of potential constituents of concern (PCOC) in the vadose zone soils to the levels
identified in Table 2-2 and the ROD (September 1988). These levels will be
achieved by causing the flushing solution to flow through soil pores, dissolving and
displacing the PCOC from the soil matrix. The pilot soil flushing system will be
operated to obtain data for a full-scale system. The objectives of the below grade
pilot system are:

To evaluate the flushing rate achieved to estimate treatment time,
fluid volumes, and overall viability of soil flushing;

To evaluate the distribution of the flushing solution to the subsurface,
to determine an effective distribution system;

To evaluate the shallow collection trenches to determine size, spacing
and recovery rates; and

To evaluate the effectiveness of the deep collection trench in
comparison to a recovery well system.

The ROD issued for the South Cavalcade site stipulated that a pilot in situ soil
flushing system be tested to confirm the effectiveness of the remedial technology
and to obtain design information for a full-scale system. This section provides a
description of the technology, objectives, data requirements, design, construction,
operation, and verification sampling for the pilot in situ soil flushing system. It
should be noted that sufficient data is not present at this time to provide a detailed
design of the pilot system. This section presents the data required to achieve a
detailed design and a preliminary design on which the final design will be based.
For presentation purposes, the Work Plan for the in situ soil flushing pilot system
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COmo^
TABLE 3-1 O

OUTLINE FOR REPORT OF FINDINGS

1.0 Introduction

1.1 Objectives
1.2 Background

1.2.1 History
1.2.2 Extent of Potential Impact
1.2.3 Technology Description

1.3 Report Organization

2.0 Summary of Sampling and Field Testing

3.0 Study Procedure

4.0 Study Results

5.0 Conclusions and Recommendations
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has been segregated into below grade and above grade systems. Accordingly all
components associated with the treatment area (i.e. trenches, distribution pipes,
etc.) are included in the below grade system description, whereas the surfactant
addition and pH control components are described as part of the above grade
system.

3.12 Required Data for Design

To design and operate an in situ soil flushing system, data is required defining site
conditions and physical soil characteristics. The required data is identified in Table
3-2 and discussed below.

The in situ conditions and characteristics of soils in the treatment area must be
determined (EPA 1990). The location and characteristics of the soils to be treated
must be clearly defined to include the areal extent, depth distribution, and level of
PCOC impact. The subsurface profile, classification, characteristics and consistency
of the soils are required for an understanding of site conditions and to design the
system. The type of soils to be treated, and their physical properties, must be
determined and should include grain size distribution, Atterberg limits, moisture
content, consistency and in situ conditions.

To predict/evaluate the performance of the system, the effect of the flushing
solutions on the soil properties and the PCOC must be determined. Changes to the
permeability of the underlying soils could have a significant effect on the
performance of the system. Clay soils, such as those at the site, can be affected by
changes in pore fluids and pH adjustments, which can be caused by the addition of
surfactants to the flushing solution; therefore, compatibility testing of the in situ
clays and the bentonite-soil barrier is proposed to determine if adverse impacts may
occur. The effect of the surfactants on the in situ soils and PCOC have been
evaluated by laboratory bench scale tests, which are discussed in Section 3.2.4.

South Cavalcade i_X———7 t
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TABLE 3-2

REQUIRED DATA FOR IN SITU SOIL REMEDIATION

Location, extent and degree of PCOC before, during, and after
operation of the pilot system
Vertical and horizontal distribution of the various soil types
In situ soil conditions and subsurface profile
Classification and physical tests: standard penetration test values,
grain size with hydrometer, natural moisture content, specific gravity,
Atterberg limits, unit weight
Location of the water table and groundwater flow directions
Percolation (Infiltration) rates for the surface soil (0 to 3 feet depth)
Vertical permeability of subsurface soils (3-9 feet deep) and
underlying aquifer (9-23 feet deep)
Compatibility testing on soils with respect to flushing solutions
Compatibility testing on bentonite-soil barrier with flushing solutions
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3.1.3 Summary of Background Data

Some site specific data of the near surface soils (less than six feet deep) designated
for soil flushing and of the clay aquitard (starting at 23 feet deep) within Area 1 are
summarized in the RI report. The most useful data for design considerations were
the visual classifications of samples from the soil borings. Physical tests performed
on the near surface soils were very limited and not sufficient for design
requirements. Existing data is insufficient for design of the soil flushing system.

The location proposed for the soil flushing pilot test is a relatively flat area at an
elevation of about 51 feet above mean sea level in the northwest quadrant of the site
as shown on Figure 3-1. The treatment area is part of Area 1 (Keystone 1988,
Bechtel 1990). It is approximately 120 feet by 80 feet in plan and is bounded on two
sides by parking lot pavement. Seven soil borings and eleven auger borings were
completed in this area. Data generated during this program was not applicable for
design of the pilot soil flushing system.

A general description of the near surface soils in Area 1 is presented as follows:

Depth. Ft Description

0-3 Fill: Silty Fine Sand
3-9 Soft to very stiff Sandy Clay
9-23 Medium to very compact Fine Sand

23-80 Very stiff to hard Clay and Silty Clay

The first three types of underlying soils (fill, sandy clay, and sand) constitute the
"shallow zone" which is underlain by an aquitard (part of the "upper intermediate
zone") consisting of predominantly clayey soils. The upper sand layer is identified as
an unconfined shallow aquifer (Keystone, 1988). Pumping tests were completed for
this zone resulting in a calculated mean permeability of 8.3 x 10"4 cm/sec.
Hydraulic conductivity tests of the fill and sandy clay in the shallow zone have not
been performed.
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The piezometric water level in the silty sand unit near the pilot test area varied from
an approximate depth of 6 to 7 feet (Keystone, 1988), which is a few feet above the
physical surface of the sand unit. At this location, the sand unit appears to be a
confined aquifer; confined above by the sandy clay of the shallow zone and below by
the clayey soils in the upper intermediate zone. The groundwater flow direction is
generally toward the west, with a hydraulic gradient of 0.004 ft/ft.

Twelve undisturbed samples of the lower clay were obtained from depths of 25 to 67
feet (Keystone 1988). None of these samples were from borings within Area 1. It is
likely that these clays are the same as those in Area 1; however, no data are
available to substantiate this. One of the samples was sandy with a low plasticity
index and is considered an anomalous sample; therefore the results will not be
considered. The mean permeability for the other clay samples was calculated to be
3.4 x 10"^ cm/sec. The clays were classified by the Unified Soil Classification
System as CL or CH with a mean plasticity index of 43.

In the RI, grain size curves were presented for two samples of the sand layer at a
depth of twelve feet from locations within 500 feet of Area 1. The material was
classified as a fine sand with about 16% passing the number 200 sieve. The only
other physical soil test data, presented in the RI, are for ten deeper soil samples.
These samples were obtained from depths of 33 to 194 feet, and are not useful for
the below grade system design.

3.1.4 Data Required but Not Currently Available

Of all the data requirements identified in Table 3-2, the only requirements which
are satisfied at this time are the groundwater flow direction and a general
subsurface profile. The additional data required for design of the below grade pilot
system include the following:

Limit and extent of soils containing PCOC -- The horizontal and
vertical extent and concentrations of PCOC in the area soils must be
better defined to establish the areal extent required for soil flushing
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remediation. The nature and extent of the PCOC have been
addressed in the SAP.

Classification and physical properties of in situ soils ~ Soil samples
must be obtained for visual classification and laboratory testing. Site
conditions should be characterized by Standard Penetration Tests and
visual observations. Field and laboratory tests on the soils should
include:

Standard Penetration Test ASTM D 1586
Visual Classification ASTM D 2487
Particle Specific Gravity ASTM D 854
Grain Size Distribution ASTM D 422
Atterberg Limits ASTM D 4318
Natural Moisture Control ASTM D 2216
Unit Weight In-Place and Dry

Permeability of in situ soils - Permeability values are required for the
near surface soils in the soil flushing test area (Area 1). Field
permeability tests should be performed for the soil fill (0 to 3 feet
interval) and the upper aquifer (10 to 20 feet interval). Undisturbed
("Shelby Tube") samples of the clayey soils must be obtained for the
determination of soil permeability in a laboratory. Laboratory tests
will be completed for the sandy clay and the deeper clay soils (depth
of 20 feet and greater).

The following permeability tests should be performed:

Soil Fill: Percolation tests at two depths (6 inches to 12
inces and 18 inches to 24 inches).

Sandy Clay: Laboratory permeability tests on undisturbed
samples using the flexible membrane method.

Upper Aquifer: Recovery slug test (field permeability) within a
4-inch I.D. slotted screen.
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Clay Aquitard: Laboratory permeability tests on undisturbed
samples using the flexible membrane method.

Flushing solution soil compatibility data - Undisturbed ("Shelby
Tube") samples of the clayey soils must be obtained for the flushing
solution compatibility testing. Laboratory testing will be completed
for the sandy clay and the deeper clay soils (depth of 20 feet and
greater).

The following tests should be performed:

Sandy Clay Laboratory dispersivity (ASTM D 4221)
and permeability test (SW 925) on
undisturbed samples using the flexible
membrane method.

Clay Aquitard Laboratory dispersivity (ASTM D 4221)
and permeability tests (SW 925) on
undisturbed samples using the flexible
membrane method.

3.1.5 Activities to Obtain Necessary Data

A soil boring, sampling, and field testing plan is proposed to obtain samples and
data needed to plan and design the soil flushing pilot test (see Section 3.2 of the
SAP). Samples will be obtained and laboratory tested for classification, physical,
and permeability data. Field testing will be performed to obtain data on the in situ
conditions and field permeability of the soils.

Soil Boring and Sampling

A soil boring, sampling and field testing program is proposed as shown on Figure
3-2. The soil borings will be advanced with continuous split-spoon sampling to a
depth of about 25 feet. Undisturbed ("Shelby Tube") samples will be obtained from
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the sandy clay and underlying clay aquitard for laboratory tests. The Standard
Penetration Test values and visual classification of samples will be recorded to
characterize the subsurface conditions of the pilot test area.

The drilling and logging procedures will be completed following SOP 304 (Appendix
A, SAP). Soil samples will be obtained and preserved for laboratory tests for
classification and physical properties of each soil type encountered. The soil types
will be identified by visual classification of the split-spoon samples.

Field Testing Program

Field permeability tests will be performed to obtain infiltration and permeability
values of the soil fill and the upper aquifer (sandy unit). For the upper aquifer, in
situ slug tests through fully penetrating, 4-inch diameter slotted PVC piezometers
are proposed. In addition, falling and recovery head tests should be performed at
several of the test boring locations.

For the soil fill (0 to 3 +_ feet depth) percolation tests will obtain permeability data
at two depths at each location. The percolation tests will be conducted following
the double ring infiltrometers test procedure (ASTM D 3385). The percolation
holes should be tested at the 6- to 12-inch and 18- to 24-inch intervals. The
infiltration of water into each interval should be evaluated until a constant
infiltration rate is achieved, or a maximum of four tests per interval are completed.

Laboratory Testing Activities

Laboratory tests will be performed on representative samples of each soil type
encountered in the soil boring phase. The samples will be selected based on visual
observation and previous experience. The number and types of tests for each soil
type are as follows:
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Soil Property Test Method Soil Type

Grain Size
Moisture Content
Atterberg Limits
Specific Gravity
Unit Weight
Permeability

ASTM D 422
ASTM D 2216
ASTM D 4318
ASTM D 854

SW925

SoilFill
3
3
~
1
—
~

SandyClay
3
3
3
1
3
3

SiltySand
3
3
—
1
—
—

ClayAquitard

3
3
3
1
3
3

The compatibility testing is further discussed in Section 3.1.6.

3.1.6 Compatibility Testing

The compatibility testing will determine the affect of the flushing solution on the
permeability of the clay materials. The flushing solution will be passed through an
undisturbed sample of the clay material in a laboratory triaxial cell. Several pore
fluid volume exchanges are generally required to alter the properties of a clay soil,
and since the clays have low permeability, considerable time is required to complete
testing. The test results may not be available for design of the pilot test system, but
these results are necessary for assessing the viability of the full-scale system. The
two clay layers identified in the soil profile plus a laboratory fabricated soil-
bentonite mix will be tested. Currently, two surfactants and chemicals to adjust the
pH will be introduced into the flushing solutions. Candidate additives to the
flushing solutions and the mixture to be used in the actual pilot test will be used for
the compatibility tests.

Two permeability tests for each flushing solution will be completed using samples of
the upper clay, aquitard, and the bentonite/soil mix. For comparison purposes, one
control permeability test for each material will be completed.
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ONNo standard testing method exists for this procedure though similar testing is §
performed on slurry walls and liner material. A more detailed procedure will be
developed prior to sample collection.

Soil Dispersion or Physical (Index) Properties

Some index-type testing may be completed in the laboratory on bulk soil samples to
identify changes in physical properties caused by a change in pore waters (such as
the flushing solutions). As a quick indicator test, the dispersive nature of the clay
soils can be determined by the ASTM D 4221 test method. The advantage of these
tests are that an indication of whether the clay soil is dispersed by the flushing
solution can readily be obtained. At least three samples of each clay soil (i.e., the
sandy clay and lower clay) that may be affected by the flushing solutions should be
tested according to ASTM D 4221.

3.1.7 Pre-Conceptual Design

The soil flushing pilot test is designated for Area 1, a rectangular area
approximately 120 by 80 feet in plan. The near surface soils are reported to contain
PCOC at concentrations requiring remediation to a depth of about 6 feet within this
area. Based upon the available site data, mostly stratigraphy, a preliminary
conceptual design is provided to guide planning and development of the pilot-scale
test. Also, a preliminary estimate of the flushing and collection flow quantities will
be presented to guide planning of the above grade treatment system. A schematic
of the pre-conceptual design is presented in Figure 3-3. It should be noted that this
design may vary depending upon results of additional investigation.

A protective, secondary collection trench is proposed along the entire west,
downgradient side of the test plot. This collection trench will be excavated using
slurry construction techniques about 24 feet deep through the shallow zone,
requiring excavation of approximately 230 cubic yards (CY) of soil. The quality of
the trench soils will be determined by field testing (using a mobile GC of each split
spoon sample from the three borings) located along the proposed trench alignment.
If the deep trench soils meet the remedial goals, 144 CY of excess soil not replaced
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in the trench will be used for dike construction or, if the soil does not meet remedial
goals, spread over the bed for treatment. The bottom of the deep collection trench
will be keyed about one foot into the clayey soils of the upper intermediate zone.
The underlying clay soil aquitard is located at a depth of about 23 feet in Area 1.
This collection trench will intercept any leakage through the sandy clay layer. The
collection trench may have a geomembrane installed on the downgradient sidewall,
reducing inflow of downgradient groundwaters into the trench. The collection
trench system will be evaluated and designed to capture the PCOC's and flushing
solution.

Shallow collection trenches will recover the flushing solutions using a stone-filled
pipe drain installed at a depth of about seven feet in the upper sand layer. These
collection trenches, approximately six segments, each about 120 feet long, will
recover the flushing solution at the base of the potentially impacted soil zone.
Approximately 375 CY of soil will be excavated for trench construction. About 80
CY of granular fill will be placed in the bottom of the trenches and the excavated
soils will be used to backfill the trench excavations. Any excess soils will be spread
evenly over the treatment bed area for treatment during operation of the system.
The shallow trenches will expedite recovery of flushing solution and enhance the
soil remediation.

The pilot test area should be graded to a flat horizontal surface after installation of
the shallow collection trenches and prior to the installation of the recharge bed
system. A base course consisting of four inches of gravel should be laid over the
leveled surface and base of the recharge area.

The recharge area will include a grid of perforated pipes to distribute the flushing
solution throughout the recharge area over the soils in the flow-through zone. Four-
(4) inch diameter distribution pipes will be located at a horizontal spacing of about
sixteen feet center to center and will be covered with about eight inches of gravel.
This gravel layer will serve to protect the recharge system and more evenly
distribute flushing solution. An evaporation barrier and soil cover wall minimize
evaporation losses and the recharge area will be surrounded by a small earthen dike
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to prevent flushing solution from seeping laterally out of the test area. The dike will
be designed to impede the horizontal flow of flushing solution from the test area.

Row quantities for the recharge area and collection trenches were estimated to
facilitate the initial planning of the below and above grade systems; however, the
estimate provided here is a starting point for designing the system and may change
as additional site data are collected. Note that the current system is expected to
saturate most of the treatment bed, which will create an artificial perched water
table above the current groundwater level. The shallow groundwater zone will be
collected by the deep trench and may be collected in the shallow trenches. If the
shallow groundwater level is artificially lowered by pumping, the perched water
table is expected to persist, the treatment bed soils would remain saturated, and any
PCOCs flushed from the soil will continue to be collected in the trench system.

The rate of recharge of flushing solution is likely to be limited by the hydraulic
conductivity of the shallow sandy clay unit (3-9 ft) which should be less permeable
than the silty fine sand (0-3 ft). Assuming a permeability of 1.0 x 10"^ cm/sec for
this sandy clay unit and a downward unit hydraulic gradient, the sustainable influent
rate would be approximately 2,900 gallons per day (gpd). Using Darcy's Law, the
average flow rate is estimated at 2 gallons per minute (gpm). The shallow trenches
should recover the influent flushing solution at a rate of about 2 gpm. After site
specific permeability data becomes available, consideration will be given to tilling or
augering the soil to improve the permeability.

The rate of pumping from the deeper collection trench will be determined by the
local hydrogeology and the design of the collection trench. Assuming a permeability

'jof 1.0 x 10° cm/sec for the silty sand zone, and the placement of a downgradient
barrier, a minimum pumping rate of approximately 2,900 gpd from the deeper
collection trench will be required to hydraulically isolate the pilot test area. This
corresponds to an average flow rate estimated at 2 gpm. Accordingly, the total
amount of flushing solution and shallow groundwater recovered vrill be 5,800 gpd,
an average rate of 4 gpm. The actual influent and effluent rates to be used for
design of the pilot-scale system will be determined after completion of the site
specific testing described in Section 3.1.5.
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The time required for one flushing is estimated to be between 2.5 to 4 months with
an assumed porosity of 0.30. In addition, about 100,000 gallons of water will be
required to saturate the recharge area and soils in the treatment zone. Once site
specific data is available, a more accurate flow estimate can be completed.

3.1.8 Design of Additional Soil Flushing Systems

Depending on the results of the pilot test, additional full-scale systems might be
designed. A similar site investigation and laboratory testing process may be
required for additional systems, but the new program would benefit from the data
collected during the pilot program. Additional borings may be required in the
additional treatment areas, along with geotechnical and hydrogeological data. The
design and implementation approach would be developed and identified in a
supplemental work plan. Information obtained during the construction and
monitoring of the pilot system would be used to calibrate and update the model,
allow for improved system design in the additional systems, and allow evaluation of
any interactive affects with the groundwater recovery system.

Operation of the groundwater system is expected to positively impact the soil
flushing system in the following manner. The groundwater recovery system will
provide a backup system for the shallow trenches to collect the flushing solution.
The design of the flushing system may take advantage of the aquifer containment
system and eliminate the redundant shallow trench system. Additionally, the
flushing delivery system may provide recharge to the shallow aquifer and improve
the effectiveness of the groundwater recovery system. The interaction of the
systems will be considered during design of the full-scale systems.

32 Above Grade System

The above grade components of the in situ soil flushing pilot unit pertain to the
surfactant addition and pH control equipment. It is assumed the water collected
from the below grade system described in Section 3.1 will be treated along with
other site waters in a physical/chemical and activated carbon treatment system.
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Only enough treated water needed to flush the below grade area will be enhanced in
the above grade flushing system. The remaining waters will be discharged to the
pilot soil washing unit or to surface water via an NPDES permit.

32.1 Objectives

The objectives of evaluating the above grade components of the in situ soil flushing
system during the pilot studies are: (i) to develop data necessary for design of the
full-scale pH adjustment system, the surfactant addition system, and other
equipment that comprise the above grade components, and (ii) to confirm the
effectiveness of the selected surfactant combination and surfactant dosage to flush
the potential constituents of concern (PCOCs) from the soil into the liquid phase in
a full-scale system.

322 Location of System

To facilitate the day to day operation of the above grade equipment associated with
the in situ soil flushing pilot-scale system, most of the equipment will be located in
the center area of the site near the on site water treatment pilot facility (see Figure
3-1). This will include the pH control unit and the inline surfactant addition system.
The pH adjusted injection water, mixed with surfactants, will be conveyed to the
below grade in situ soil flushing pilot system located in the northern portion of the
site.

3.2.3 Injection Water Source

The major source of recharge water for the pilot in situ soil flushing system is the
effluent from the pilot water treatment plant. If treated effluent is not available
during start-up of the pilot system, or is available in insufficient quantities, tap water
will be used to make up the injection water.
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32.4 Selection of Surfactant

Previous Laboratory Studies

Soil column studies using percolation of site groundwater containing surfactants to
simulate in situ soil flushing were not conducted in the previous treatability studies
("Appendix A - Treatability Laboratory Report, Feasibility Study, South Cavalcade
Site, Houston, Texas, August 1988"). During the laboratory soil washing treatability
studies conducted as part of the Feasibility Study, several surfactants were evaluated
to determine their potential for removal of PCOC in surface and subsurface soils.
Of the surfactant combinations evaluated, Rhome and Haas Triton X-100 and
Witco Emcol Cocobetaine appeared to be effective, achieving about 78 - 99%
removal of total PAH and about 98-99% removal of oil and grease concentrations
in two wash cycles. The pH was maintained at 10 by addition of 2.5 - 4.0 mis of 20
wt.% sodium hydroxide. These batch soil washing tests employed two, 45-minute
wash cycles, followed by one, ten-minute rinse cycle. The aqueous surfactant
solution used for the first wash contained 0.338 grams of Triton X-100 and 0.320
grams of Emcol Cocobetaine in 2,500 ml of water. This was used to wash 500 grams
of soil. This aqueous solution contained 0.026 wt.% total surfactant, resulting in a
surfactant to soil weight percent of 0.132%.

Selection of Surfactant and Dosage

Since the surfactant combination of Rhome and Haas Triton X-100 and Witco
Emcol Cocobetaine appeared to be effective in removing PCOC from the soil
during laboratory soil washing studies, these two surfactants will be utilized during
the pilot in situ soil flushing studies. Triton X-100 is a nonionic surfactant and
Emocol Cocobetaine is an amphoteric surfactant.

Preliminary surfactant dosages for the pilot study are also based on the previous
laboratory soil washing test results. Based on the total mass of soil contained in the
approximately 120 feet long x 80 feet wide x 6 feet deep plot proposed for the in situ
soil flushing pilot study, and a surfactant to soil weight percent of 0.132% to be
achieved in a six-month period, the rate of surfactant injection to be achieved in the
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recharge flow of 2 gpm (maximum) was calculated to be approximately 14.7
grams/minute. This will contain about a 1:1 weight ratio of Triton X-100 and
Emcol Cocobetaine and will result in a total aqueous surfactant concentration of
0.194 wt.% (1935 mg/1). However, the total initial surfactant injection rate used in
the recharge line will be approximately 1.98 grams/minute which will correspond to
an aqueous surfactant solution concentration of 0.026 wt.%, (i.e., 260 mg/1). This
was the concentration of the aqueous surfactant solution used during the soil
washing laboratory treatability studies. The surfactant dosages will be refined
during the in situ soil flushing pilot studies.

It is expected that a total aqueous surfactant solution concentration of 0.026 wt.%
(260 mg/1) will be used initially and gradually increased to 0.194 wt.% (1,935 mg/1),
depending on the results obtained during in situ soil flushing. The pH of the
recharge water will be adjusted to 9-10. The optimum pH will be confirmed during
the pilot study. After approximately six months of flushing with surfactants, the soil
will be rinsed with treated effluent or tap water. The results obtained from soil
verification sampling and analysis (Section 3.2.5) and recovery water sampling and
analysis (Section 5.4) will help assess the performance of the in situ soil flushing
program. The surfactant injection rates and flush/rinse cycles will be adjusted
accordingly.

As discussed in the above paragraphs, soil column laboratory studies simulating in
situ soil flushing were not conducted during the previous treatability studies.
Preliminary surfactant dosages (aqueous surfactant solution concentrations of 0.026
wt. % to 0.194 wt. %) and pH conditions (pH 9-10) to be used were selected from
the best available site-specific information, based on the soil washing treatability
studies. The intent of the pilot-scale in situ soil flushing studies is to evaluate
optimum surfactant dosages and pH conditions for a field scale unit and from a
scale up point of view. This is because there may not necessarily be a linear
relationship between laboratory soil washing studies and field scale in situ studies
due to differences in transport, surfactant/soil mixing, etc.

The results obtained from the intermediate (after 3 months) soil verification
sampling and analysis (Section 3.2.5) and periodic recovery water sampling and
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analysis will be evaluated to assess the progress of the in situ pilot system. The
surfactant dosages, pH and flush/rinse cycles will be adjusted, if necessary, to
optimize these parameters. The data obtained during the pilot-scale studies, which
will represent site-specific conditions, will be used in scaling up to the full-scale
system.

Prior to implementing the pilot study, available information regarding the
environmental fate of Triton X-100 and Emcol Cocobetaine in groundwater will be
collected from Rhom and Haas/Witco and by conducting a literature search. The
information collected will be used to modify the study, as required.

3.2.5 Soil Verification Sampling and Analysis

To assess the performance of the in situ soil flushing system, verification soil
samples will be collected at three different times and analyzed according to the
schedule presented in Table 3-3. Samples collected and analyzed before the start of
the pilot tests will serve as baseline measurements. An intermediate soil sampling
event after approximately three months of operation will serve to assess the progress
of the soil flushing activity. Soil samples will also be collected at the end of the soil
flushing pilot studies, (i.e. at about eight months) to verify the feasibility of this
technology for soil remediation at the South Cavalcade site.

The interval between sampling events as presented in Table 3-3 was based on the
preliminary estimate of the time required for one change in pore volume (one
flushing), which is expected to be between 2.5 to 4 months. The sampling event at 3
months will establish the progress of the pilot in situ system after approximately one
flushing. The 8-month sampling event results will be used to evaluate the degree of
treatment achieved relative to the clean up goals after a second flush cycle and one
clean water rinse cycle (i.e., a total of approximately 6 months for two flush cycles
and 2 months for one rinse cycle).

The remedial goals for soils are that the total potentially carcinogenic PAH be less
than 700 ppm and that soils will have "no leaching potential" for total potentially
carcinogenic PAH. The "no leaching potential criteria" will be determined during
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ON
TABLE 3-3 8

SOIL VERIFICATION SAMPLING SCHEDULE

Parameter Day 0(1 ) Month 3 Months

Oil and Grease
pH
Polynuclear Aromatic Hydrocarbons (PAH)
TCLP (leachate)(2):
Potentially Carcinogenic Polynuclear
Aromatic Hydrocarbons (PAH)

Microbial Count

X X
X X
X X

X

X
X
X

X
X

(1) Indicates data will be collected prior to initiation of treatment.
(2) If correlation studies determine that the OLM adequately predicts the "noleaching potential criteria," TCLP extraction and leachate analysis will belimited to 25 percent of final set of soil samples collected.
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the soil grid delineation by cPAH analysis of soil followed by TCLP and cPAH
analysis of the resultant leachate, as described in the SAP. If correlation studies
determine that the OLM adequately predicts the "no leaching potential criteria,"
TCLP extraction and leachate analysis will be limited to 25 percent of the final set
of soil sample collected.

The sampling procedure for each of the three sampling events are as follows. The
pilot soil flushing area will be divided into four equal quadrangles of about 2,400
square feet each, as shown in Figure 3-4. In each quadrangle, samples will be
collected with a hand auger at a minimum of six sampling points at two-foot
intervals to a depth of six feet. At each sampling point in a quadrangle, a sample
will also be collected from six feet to the water table, as necessary. All 0-2 foot
samples in a quadrangle will be composited in a stainless steel or glass pan with the
help of a stainless steel spoon. Similarly, all 2-4 foot, 4-6 foot, and 6 foot to water
table samples within a quadrangle will also be composited. A maximum of four
composite samples will be taken from each quadrangle, resulting in a maximum
total of sixteen composite samples during each sampling event. These samples will
be transferred to appropriate sampling containers and shipped for analysis.

Initial and subsequent soil sampling will be performed to the water table. Any
analyses from beneath six feet will only be used to assess PCOC migration, not
cleanup levels. If PCOCs should migrate to below the water table, the soluble
compounds will be collected during remediation of the shallow aquifer.

Collection of the six subsamples and compositing them into one sample for each
depth interval in each quadrangle is proposed due to the anticipated variability of
soil constituent concentrations. It is expected that the three sampling events
proposed (baseline, 3 months, 8 months) will provide meaningful data concerning
the cPAH removal efficiency of soil flushing. A decision to continue pilot testing
will be made based on results obtained from soil and recovery water analysis during
the pilot test.

Random sampling will be used for the initial baseline evaluation. The locations of
the six random sampling points in each quadrangle (60 ft. long x 40 ft. wide) will be
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determined by selecting length and width coordinates from a random-number table.
This will be done by indiscriminately choosing a page from the random number
tables and then a column on that page. The width coordinates will be chosen by
proceeding down the column and listing (at a minimum) the first six numbers that
are greater than or equal to 0 but less than or equal to 40. The length coordinates
will be chosen by listing (at the minimum) the subsequent six numbers that are
greater than or equal to 0 but less than or equal to 60. Additional random grid
points will be used if recovery lines or trenches are encountered. These sampling
points will be marked by appropriate methods.

As stated before, the six subsamples obtained at each depth interval (0-2 feet, 2-4
feet, 4-6 feet, 6 feet to water table) will be composited to obtain a sample for each
quadrangle. During the 3-month and 8-month sampling events, the same sampling
locations used during the baseline evaluation will be used to collect the subsamples
for compositing at each depth interval for each quadrangle. This is expected to
reduce the variability associated with the sampling of non-homogeneous soils and
provide a more realistic idea of the treatment efficiency achievable. The
compositing procedure will be the same as described for baseline sampling. The
individual data for total potentially carcinogenic PAH's obtained from each depth
interval in each quadrangle, as well as the means of the at least four data points
obtained at each depth interval in the four quadrangles will be evaluated to assess
removal efficiency in the top six feet.

If either an individual sample data or the mean at a specific depth shows reduction
of cPAH to below 700 ppm, the technology will be considered to be potentially
capable of meeting this criteria. TCLP analysis will be conducted on the composite
samples (see Table 3-3) collected after 8 months in the top 6 feet. The sampling
locations for TCLP analysis will be based on results obtained during the 3-month
sampling.

The 6 feet to water table sampling will be used to assess migration. The data
obtained from this zone will not be used for comparison with the cleanup criteria.
TCLP analysis will be conducted on the composite samples obtained at each of the
three sampling events at the 6-foot to water table depth.
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The appropriate sampling procedures are described in Section 3.2 of the Sampling
and Analysis Plan (SAP).
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4.0 EX SITU SOIL WASHING

The ROD issued for the South Cavalcade site includes soil washing as a
recommended treatment technology. Pilot-scale soil washing studies will be
performed to establish design criteria for the full-scale system.

Soil washing is a train of unit operations designed to decrease the volume of
impacted soil by segregating the soil by paniculate size and extracting/desorbing as
much of the PCOC as possible into the liquid phase. The underlying principle
behind the design of soil washing systems is that most PCOC are adsorbed to fine
soil particles. In addition, PCOC adsorbed to larger soil particles can be desorbed
into solution by various "washing" techniques. Separating the larger particles from
the fine particles and washing the large particles with various solutions can result in
"clean" soils. The fine fraction is handled appropriately after separation. The
nature of the soil to be treated and the economics of fine particle handling
determine whether medium paniculate fractions are washed clean or handled with
the fines. The liquid phase is treated in a separate operation.

4.1 Objectives of the Pilot Study

The objective of the pilot-scale testing will be to obtain quantitative data that can be
used as the basis for design of the full-scale soil washing unit.

Specific objectives include:

Confirm whether the soils at the South Cavalcade site can be washed
to levels which achieve the treatment goals stipulated in the ROD and
identified in Section 2.0.

Determine the residence time necessary for extraction of PAH from
the soil in a multistage soil washing system. This will translate into
reactor size and throughput for the full-scale system.
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Determine the solid/liquid separation efficiency necessary to achieve
high density washed soil slurry from each stage.

Determine the volume of fines/froth that will be generated for
disposal.

Determine the dewatering rates for the fines/froth and for the washed
soil.

Confirm the quantity of washwater concentrate or blowdown which
will be generated from the process

Provide physical data on the washed soil to determine the compaction
requirements.

42 Description of Soil to be Treated

The soil to be treated in the full-scale soil washing system consists of approximately
20,000 cubic yards located along the former drip track area (See Figure 4-1). The
level of concentration of PCOCs in the soil in this area has not been well
characterized to date. A grid sampling and analysis plan, defined in Section 3.1 of
the SAP, will provide the necessary information to fill the data gaps prior to detailed
design of the pilot soil washing system. In addition, Section 4.3 of this Work Plan
defines additional tests which will insure that the information necessary for pilot
system design is obtained.

For the pilot treatability study, soil will be collected in working batches of
approximately 10 cubic yards each. Each batch will be a composite of the soils from
the designated area. For testing purposes, variability in batch grain size and
composition will be allowed to simulate the variable conditions expected during full-
scale soil operation.
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4.3 Predesign Evaluations

The design of the soil washing pilot system will incorporate physical and chemical
data on the site soil. In addition to the information discussed in Section 4.2, the
following predesign information will be useful for the detailed design of the pilot
unit:

Concentration of PCOCs vs grain size
A representative sample of the soil is sieved to yield six
fractions by paniculate size (ASTM D 422). Each fraction is
analyzed for PAH (EPA 8270). To obtain accurate paniculate
fractions, wet sieving will be utilized in the separation.

Settling data vs particle fraction

Particulate fractions from the sieving (ASTM D 422) are mixed
with water and settling curves (time vs % settled) are
developed.

This information will be obtained prior to design of the soil washing pilot system
and is addressed in the SAP.

4.4 Pilot Unit Design

The pilot system will be designed to achieve the objectives outlined in Section 4.1.
Pilot-scale testing will be performed to provide sufficient data to satisfy the data
objectives outlined in Section 4.1. In general, the operation of the pilot unit will
serve as a verification of system applicability and as a means of obtaining design
data for full-scale system sizing.
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4.4.1 Quantity of Soil to be Treated

The tests are expected to require the treatment of less than 100 cubic yards of soil.
Steady state operation of the unit over a five-day period while generating soil that
meets the target criteria will constitute successful operation. Parameters employed
during this testing will provide information for system scale-up.

4.4.2 Critical Parameters

The pilot-scale testing will be performed so that the following design parameters
can be determined.

Extraction residence time,
Settling residence time,

Froth generation rate,
Washwater generation rate,
Dewatering characteristics of the treated soil,
Concentrations of potentially carcinogenic PAH in the treated soil at
steady state,
Concentrations of potentially carcinogenic PAH in the froth at steady
state,
Concentrations of potentially carcinogenic PAH in the washwater at
steady state, and

Concentration of potential volatiles PAH emmisions from the froth
unit.
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4.5 Pilot System Design and Construction

The objectives of the pilot system design will be to specify any modifications or
additions that may be necessary to the soil washing pilot system. Utilizing data from
the Remedial Investigation, the Feasibility Study Bench Scale Tests, and the
predesign evaluations, the pilot system design will be modified for the treatment of
the specific soil at the South Cavalcade site.

4.5.1 Hardware Design and Layout

A preliminary flow diagram is presented in Figure 4-2. The pilot system will
incorporate the process techniques, chemistry, and sizing from the laboratory
treatability testing in a larger scale system.

The Treatability Laboratory Report (Keystone, August 1988) outlines the
procedures and results that are the basis of the pilot-scale design. The equipment
utilized for the bench-scale testing was a Denver D-R flotation machine. Each final
soil washing test employed two, 45-minute wash cycles, each consisting of a 15-
minute mixing time followed by a 30-minute washing/foaming time. A 10-minute
rinse cycle followed each wash cycle. The soil to water ratio used in all final runs
was 1:5 (500 gm site soil and 2500 mis of tap water). Surfactants were employed to
lower the surface free energy of the soil particles and enhance the solubility of the
PAH in the liquid phase. A description of the results of the laboratory treatability
study is included in Section 3.2.4.

The pilot unit will employ the same operational parameters as those employed on
the bench-scale unit. The primary differences will be the size of the: equipment and
the fact that the various process stages will take place in individual vessels.
Screening will be employed as a first stage of the process. Vegetation and other
organic fractions which may meet the cleanup levels will also be removed at this
stage. After the soil has been screened to remove debris and paniculate sizes
unsuitable for washing, the screened soil will be transferred to a mixing vessel for a
15-minute period. Here the soil will be mixed with water containing surfactant and
NaOH in the same dosage range used for the bench-scale operations. The soil will
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then be transferred to leaching/extraction vessels for a 30-minute wash period.
Rinsing will be performed for at least 10 minutes following the wash cycle. The
mixing, washing, and rinsing cycles will take place in countercurrent
leaching/extraction chambers similar to those used for mineral extraction in the
mining industry. Utilizing this equipment will greatly reduce the rinse water
consumption and allow a large percentage of this water to be recycled.

Flotation will be performed in a chamber designed for this purpose. The overflow
from this unit process will be a froth containing some soil fines and the majority of
the PCOC. The froth stream will be discharged for disposal. The underflow from
the flotation process will be filtered, and adjusted for pH and/or polymer. A small
portion of this flow will be transferred to a holding tank for processing by the water
treatment system. The majority of the underflow will be filtered, pH adjusted,
and/or polymer adjusted and returned to the leaching extraction chambers as rinse
water.

Soil washed in the leaching/extraction chambers will be transferred to a dewatering
operation employing filter presses. After dewatering, the soil will be transferred to
a lined holding pad for sampling.

4.5.2 Assembly

The majority of the pilot system components will arrive at the site mounted on two,
40-foot tractor trailers. Some rough screening and dewatering equipment will be
free standing. Other components will be modular in nature and will need only
minor piping connections made at the site.

4.53 Pads and Containment

Referring to the preliminary layout sketch, Figure 4-3:

Storage pads for holding bins containing clean and raw soil will be
needed. These will be approximately 25 feet x 25 feet each. The pads
will be bermed to control runon and runoff. Any accumulated water
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will be sent to the water treatment system. The pads will also be lined
to minimize the potential for PCOC migration to the soils underlying
the pad.

The pilot equipment will be left on the trailers for the duration of the
pilot test. The trailers do not incorporate secondary containment.

Portable storage tanks will be utilized for primary storage of the
effluent washwater.

The froth drum containment area will also be bermed and lined to
prevent water runoff. Froth will be stored in this area prior to
treatment.

4.5.4 Enclosure

The system would not be enclosed. However runon/runoff control will be
incorporated into the necessary areas as discussed in Section 4.5.3.

4.5.5 Utilities

Electricity

The pilot unit will require 220 volt electrical service. In addition, the screening and
dewatering equipment will require 220 volt service. If this quantity of electricity is
not available a generator can be rented.

Water

Treated water from the pilot-scale water treatment unit will be used to supply the
soil washing pilot system; however, if an insufficient volume of treated water is
available, tap water will be used. Water will be drinking water supplied by a tank
truck from a commercially available source.
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Heat

The pilot unit will be operated at a temperature above 40 degrees Centigrade. Heat
will be electrically supplied to the pilot system.

4.6 Pilot System Operation

4.6.1 Soil Collection

It is expected that the soil washing pilot test will process less than 100 cubic yards of
soil during the entire testing phase. To streamline operations and testing, the soil
will be collected, stockpiled and washed in batches of 10 cubic yards each.

Soils will be collected from the site based on the results of the grid sampling
program described in Section 3.1 of the SAP. A range of soils will be tested, from
those soils showing the highest concentrations of total potentially cPAH to those
soils with concentrations just above the remedial goals. To ensure that a range of
soils is being tested in the pilot unit, influent soil samples will be collected and
analyzed before the soil is washed.

4.62 Startup

Initially the mixing, flotation, and settling vessels will be filled with treated water or
tap water. The pilot system, and screening and conveying equipment will be started
and discharge valves will be closed so that the unit is operating in a full recycle
mode.

Soil will be lifted by front-end loader into the inlet of the gross screened chamber
where it will be transported by conveyor to the soil washing system. The feed rate
will be maintained at a small percentage of total capacity until sufficient soil has
entered the system to bring all chambers to near equilibrium. A determination of
equilibrium will be based on physical parameters.
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As the system approaches steady-state, the surfactant feed pump will be started, and
discharge valves will be opened gradually. Clean makeup water will be added
automatically to compensate for volume lost through discharge of water to the pilot
water treatment unit.

4.6.3 Operation

The system will be operated at conditions similar to the bench scale to determine if
the extraction rates previously observed in a small batch mode are valid for full-
scale operation.

4.6J.I Extraction Residence Time Determination

An important design parameter for the soil washing system is the extraction
residence time to achieve a soil with less than 700 mg/kg total potentially
carcinogenic PAH and "no leaching potential criteria" as described in Section 3.1.1
of the SAP. Bench-scale soil washing tests have obtained positive results with a
residence time of 45 minutes; therefore, the pilot system initially incorporates an
extraction step with a 45-minute residence time. Should the results of the pilot test
show that the extraction time is longer or shorter than necessary, the full-scale unit
can be designed accordingly.

4.6.3.2 Confirmation of Overall System Performance

The pilot unit will be operated and optimized based on the conditions which proved
effective during bench-scale testing. Washed soil will be sampled and analyzed for
PAH. Samples will be collected every two hours and composited daily, to ensure
that all soil fraction s are represented. If the analytical results show total potentially
carcinogenic PAH concentrations in the range of 400-650 mg/kg and meet the "no
leaching potential criteria," the full-scale system will be designed to be similar to the
pilot unit. If total potentially carcinogenic PAH concentrations in the washed soil
are in the range of 200-400 mg/kg, a second run at twice the throughput will be
performed to test for the potential to downsize on the full scale. If the
concentration is above 700 mg/kg, a second run will be made at half the initial flow.

South Cavalcade r———7
157350-01 DCOR962 9/91 4-9 \KEYSTONE

\ ENVIRONMENTAL KLSOLBCES. INC.
\ I

009425



These effluent concentration ranges were chosen to ensure the system can achieve
the remedial goals with a certain factor of safety, while still treating at an optimum
rate.

4.63 J Determination of Solid/Liquid Separation

Visual observations of the vessels will determine if adequate residence time is being
allowed for solid-liquid separation at each stage. Settling tests will be performed on
the supernatant. A supernatant with less than 5% settleable solids will be
considered acceptable for the full-scale design. Flow through the system will be
adjusted to give 2% to 5% solids, and the residence time necessary to achieve this
will be recorded for full-scale design purposes.

4.6.3.4 Determination of Fine/Froth Generation

After the system has been operated at various throughputs and a flow/residence
time has been chosen, the pilot unit will be operated for a five-day period at steady
state to generate soil below the target levels. The volume of fines/froth generated
during this period will be considered characteristic of the full-scale system. This
volume will be recorded and used to calculate a froth generation rate in terms of a
dry weight percent of untreated soil. The method for measuring the froth volume
will be determined during the detailed pilot design phase.

4.6.3.5 Determination of Dewatering Characteristics

The washed soil will be filtered to determine rate and efficiency of dewatering. This
information will determine the type and size of dewatering equipment needed for
the full-scale system.

4.6.3.6 Washwater Generation Rate

During the same five-day period used to determine the fines generation rate, the
quantity of washwater will be measured and recorded. Also, washwater generation
rates will be averaged for a longer period of approximately one month after system

South Cavalcade r———7
157330-01 DCC#R962 9/91 4 - 1 0 r-1 Hr\KEYSTONE

\ ENVIRONMENTAL RESOURCES. INC.
\ '

009426



stabilization to give a more representative determination of the wash water
generation rate over time.

4.6.3.7 Physical/Construction Data on Washed Soil

After washed soil has been shown to meet remedial goals, it will be stockpiled on
site. One composite sample will be obtained and tested to determine the moisture
density relationship in accordance with the Standard Proctor Method (ASTM D
698) or relative density (ASTM D 4253 and ASTM D 4254). The results of this test
will determine the density required for placement on site. One, 50 pound sample
will be required.

4.6.4 Treated Soil Handling

Treated soil will be stored in holding bins on a lined pad until the protocol for
returning the soil to the site is established. The soil will then be pla.ced back on the
site in a designated "clean" area.

4.6.5 Byproduct Handling

Byproducts of the soil washing operation may consist of the following:

Large chunks of asphalt-like material not meeting cleanup goals or
criteria,

Large chunks of concrete from old pads and foundations, and

Froth/fines containing concentrations of PCOC above the cleanup
goals.

Any byproducts produced during soil washing will be managed in an appropriate
manner.
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4.6.6 Demobilization

Upon completion of the soil wash pilot test, the unit will be demobilized in the
following manner:

Residual soil will be cycled through the system until all soil meets
cleanup goals or is discarded with the froth.

Water will be drained from the system through the discharge lines of
the solids pumps, which will be temporarily piped into the water
discharge lines. The water will be discharged into the effluent holding
tanks to be processed by the pilot water treatment system.

Fresh water will be pumped into the system and the system operated
in full recycle mode for a period until the unit is visibly free of soil.

The fresh water will be pumped from the system into the effluent
holding tank.

Tanks, trailers and equipment will be blasted with hot water until they
are free of visible soil. The clean soil pad may be used as the
decontamination area. Water from decontamination operations will
be processed by the pilot water treatment system.

The soil washing system and auxiliary equipment will be removed
from the site leaving the site in generally the same or better condition
than it was prior to the pilot project.

Pumps and tanks will be decontaminated as integral part of the soil
washing unit.

Liners will be removed with the pilot equipment. Pads and berms will
be left at the site for possible use during the full-scale operation. Site
grading should not be required.

South Cavalcade r——7
157350-01 DCC#R962 9/91 4 - 1 2 \KEYSTONE

\ ENVIRONMENTAL ICSOIRCES. INC.

009428



4.7 Performance Testing

Samples collected and analyzed as part of the soil washing pilot study fall into three
categories:

Soil pile,
Operational, and
Mass balance performance test.

4.7.1 Soil Pile Sample Collection

Soil to be treated will be excavated in 10 cubic yard batches and stored in holding
bins of approximately 15 cubic yard volume. Coring tubes will be used to bore into
the soil and collect samples at nine locations. THese subsamples will be composited
at random to yield three samples for analysis. See Section 5.3.1 of the SAP for these
procedures and the Health and Safety Plan for personnel protection requirements.
The composite samples will be analyzed for potentially cPAH by Method SW 8270.

4.72 Operational Sample Collection

4.7.2.1 Flotation Cell Operational Sampling

During the flotation cell fine-tuning, water and froth samples will be collected to
insure that the constituents of concern are leaving the cell in the froth, not in the
underflow. The specific concentration of potentially cPAH in the underflow and
froth should be known before mass balance runs are performed.

Froth and effluent water samples will be collected by grab sampling event two hours
and composited on a daily basis. This sampling will only be performed when the
unit is in a production mode, after start up is complete. Underflow samples will be
collected via a sample tap located beneath the froth.
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4.7.2.2 Clean Soil Operational Sampling

Operational adjustments to the solids flow will be verified by periodic sampling and
analysis of the clean soil. During operational testing, clean soil 'will be stored in
holding bins of approximately 15 cubic yard volume. Coring tubes will be used to
bore into the collected soil and collect samples at nine locations. These subsamples
will be composited at random to yield three samples for analysis. See Section 5.3.1
of the SAP for more detailed procedures and the Health and Safety Plan for
personnel protection requirements.

The composite samples will be analyzed for PAH by EPA 8270, and samples will be
subjected to TCLP and PAH (EPA 8270) analysis of the leachate. If correlation
studies determine that the OLM adequately predicts the "no leaching potential
criteria," TCLP extraction and leachate analysis will be limited to 25 percent of the
final set of samples collected. The specific concentration of PAH in the clean soil
should be known before mass balance runs are performed.

4.7.3 Mass Balance Performance Test Sample Collection

At the end of the mass balance performance test run, samples will be collected at
the following points:

froth outlet,
clean soil outlet, and
washwater outlet.

Samples will be collected every two hours and composited on a daily basis for the
duration of the five-day performance run. See Section 5.3.1 of the SAP and SOP
205 and 304 of Appendix A of the SAP for more detail. Each composite sample will
be analyzed for total potentially cPAH by Method SW 8270 for both soils and water.
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4.8 Reports O

4.8.1 Detailed Design Report

Prior to the pilot testing, unit drawings and specifications will be provided. Specific
deliverables for the detailed design of the soil washing study will be:

1.) Equipment and Construction Specifications

2.) Process Description

3.) Drawings

Process Flow Diagram
General Equipment Layout
One Shop Drawing of each major piece of equipment
Process and Instrumentation Diagram (P & ID)
Piping Drawing, Plan View
Single Line Electrical Drawing
P & ID Legend

4.) Experimental Plan and Procedures

Parameters to be tested
Procedures for operation of the pilot system
Procedures for optimizing system performances
Operational sampling and analysis
Measurement and determination of design parameters

5.) Detailed Schedule

6.) Management and Staffing Plan
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These deliverables will be assembled into a detailed work plan and design §
document.

4.82 Summary Evaluation and Report

At the completion of the pilot testing, a Report of Findings will be completed. The
report will present, discuss, and evaluate the data obtained to support design of the
full-scale soil washing system. Recommendations will be provided for the design
and construction of the soil washing system, if appropriate. The report will include
at a minimum the following information:

Objectives and design criteria,

Summary of soil washing pilot testing,

Results and summary of test data, and

Recommendations for design, construction, and operation of the full-
scale soil washing system.
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5.0 WATER TREATMENT SYSTEM PILOT STUDIES

The ROD issued for the South Cavalcade site requires that groundwater
remediation will consist of pretreatment, followed by filtration and activated carbon
adsorption. Pilot-scale testing will be conducted to confirm the effectiveness of the
technologies and to obtain design information for a full-scale system. The treated
water will be discharged to the above grade portion of the in situ soil flushing system
and the soil washing unit, with excess treated water discharged to the Little
Whiteoak Bayou via NPDES permit. Additional water which will be treated in this
system includes water collected from the in situ soil flushing pilot system and
washwater from the soil washing pilot system.

5.1 Objectives of Pilot Water Treatment Studies

The objectives of the water treatment system pilot studies are:: (i) to obtain
quantitative performance data for the selected technologies in relation to the
discharge and/or groundwater recharge standards, (ii) to demonstrate the
effectiveness of selected technologies to treat the water streams generated at the
site, and (iii) to develop data necessary for design of the full-scale water treatment
system at the site.

Specific objectives of the pilot studies are as follows:

Evaluation of pretreatment processes such as gravity settling, pH
adjustment, polymer addition/flocculation, and granular media
filtration for removal of free and emulsified oils and suspended solids;

Evaluation of effluent quality achievable via carbon adsorption and
development of carbon usage rates;

Evaluation of the fluidized bed treatment system to:

a. Evaluate the applicability of this technology for site water
treatment,
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b. determine the effluent quality attainable,
c. evaluate the effect of varying the loading rate on process

performance, and
d. develop data necessary for full-scale design and costing.

Evaluation of surfactant addition equipment and dosage rates for the
in situ soil flushing recharge water; and

Development of information required to evaluate options for
recycling or disposal of non-aqueous phase liquids (M\PLs).

The target treatment standards or goals to be achieved during the pilot water
treatment studies for (a) surface water discharge of excess treated effluent (water
not re-injected) to the drainage ditch leading to the Little Whiteoak Bayou, and (b)
subsurface discharge of treated effluent for groundwater recharge during the in situ
soil flushing studies, are outlined in Section 2.0.

5.2 Sources and Estimated Volume of Water to be Treated

The sources of water expected to be treated in the water treatment pilot system
include, (a) the groundwater pumped during the groundwater extraction well pilot
test, (b) the wash/rinse water as well as any dewatering water generated during the
ex situ soil washing pilot test, and (c) water recovered from the trench drain system
during the in situ soil flushing pilot test. Note that in the following discussion,
details such as storage tank dimensions; measures for containing or preventing
storage tank leaks; conveyance system descriptions such as pipe diameter, material,
length, etc.; pump size and model; interconnecting piping details; and tank truck
size; will be provided as part of the detailed design package.

5.2.1 Extraction Well Pilot Test

During the groundwater recovery pilot test, one intermediate test well (ITW-02) and
one shallow test well (STW-02) in the southern portion of the site, and one
intermediate test well (ITW-01) in the northern portion of the site are each
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expected to be pumped for at least 72 hours. The approximate location of each test
well is indicated in Figure 3-1. The pumping rate to be used in these tests is
approximately 1.25 gpm. The proposed pumping rate is a preliminary estimate and
is expected to be finalized/refined prior to the tests. The final pumping rate(s) used
is not expected to significantly impact the design of the pilot water treatment system.
It is expected that these pump tests will be conducted before the in situ soil flushing
pilot test to prevent the influence of one test on the other. The total quantity of
water estimated to be generated during the extraction well pilot test is shown in
Table 5-1. This water will be stored in appropriate storage tanks in the northern
and southern portions of the site until it is transferred to the water treatment pilot
system located in the central portion of the site. At this time, 3,000 - 5,000 gallon
tanker trucks are expected to be used.

522 In Situ Soil Flushing Pilot Test

During the in situ soil flushing pilot test, groundwater will be recovered from the
test trench drain system at an estimated rate of 1 - 4 gpm. It is expected that this
pilot test will run for a period of about eight months, although the exact duration of
this study will be determined in the field. This system will run on a continuous basis
except for temporary shut down periods for maintenance. The total quantity of
water estimated to be generated from the pilot test during the eight-month
operating period is shown in Table 5-1. This water will be directly pumped from the
trench drain system to the water treatment pilot system located about 450-500 yards
away at the center of the site.

523 Ex Situ Soil Washing Pilot Test

The ex situ soil washing pilot test will generate water from soil washing, rinsing and
dewatering operations. This water will be stored in the vicinity of the soil washing
pilot unit and transferred periodically to a storage tank located ai: the head of the
water treatment pilot system. The estimated rate of water discharge from the soil
washing pilot system is about 1-200 gpd. This will be refined after the data gaps are
filled. Based on a three-month operation period, the total quantity of water
estimated to be generated from the soil washing pilot system is shown in Table 5-1.
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TABLE 5-1
ESTIMATED VOLUME OF WATER FOR TREATMENT

ON
g

Source Estimated Maximum Volume of Water (als)
(a) Extraction Well Pilot TestSouthern AreaNorthern AreaTotal(b) In Situ Soil Flushing PilotTest(c) Soil Washing Pilot Test ̂

10,8005,40016,2001,382,40018,000

Assumes an eight-month operating period with 24-hr/day operation.Assumes a three-month operating period with eight-hr/day operation.
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The soil washing pilot system is expected to be located close to the water treatment
pilot system and soil wash/rinse water can be transferred by tank tmck or by means
of pipe to the water treatment storage tank.

5.3 Summary of Previous Laboratory Treatability Studies

53.1 Preliminary Treatability Results

Preliminary treatability investigations were performed by Keystone on groundwater
samples collected in November 1987. Detailed descriptions of these investigations
can be found in "Appendix A - Treatability Laboratory Report, Feasibility Study,
South Cavalcade Site, Houston, Texas, August 1988." The following is a brief
description of relevant parts of the study.

Seven, 55-gallon drums of water were collected from observation wells OW-11 and
OW-10, located at the southern end of the site, in the former process area. These
are shallow zone monitoring wells. Two composite samples were taken from these
drums, one at the site (November 18, 1987), and the other at Keystone's
Monroeville labs (December 10, 1987) and analyzed for PCOC. Selected results are
shown in Table 5-2. These two wells were apparently chosen for sampling during
the treatability testing due to the levels of PAH or aromatic volatile organic
compounds observed in the well water during the RI.

There are differences between these results and the "maximum" groundwater
concentration of constituents as described in Table 2 of the Record of Decision
(ROD). The groundwater sampling locations for the treatability work were selected
on the basis of all the available data from the RI, and are expected to be reasonably
representative of site groundwater characteristics. "Maximum" concentrations of
groundwater constituents are typically not representative of overall site conditions.
Since the pilot water treatment system is expected to treat water from pump tests, in
situ soil flushing and soil washing, additional laboratory treatability studies are
proposed with these types of surfactant-containing water as described in Section
5.3.2. The previous treatability studies are briefly described below.
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TABLE 5-2

OO
COTtONOO

SELECTED ANALYTICAL RESULTS
GROUNDWATER LAB TREAT ABILITY TESTING

Parameters (mg/1)

Biochemical Oxygen Demand (BOD)

Chemical Oxygen Demand (COD)

Oil and Grease (O&G)

Total Organic Carbon (TOC)

pH (Standard Units)

Total Recoverable
Phenolics (as Phenol)

Total Polynuclear Aromatic
Hydrocarbons (PAHs)

Arsenic (As)

Lead (Pb)

Naphthalene

On-Sitc Sample
11/18/87

325

580

1 1 3

63.4

7.2

8.3 1

71 .4

0 .0 1 17

0.0062

35.6

Laboratory
Sample
12/10/87

255

768

144

59.8

7.4

7.82

39.2

0.0154

<0.005

1 1 . 6

Maximum
Groundwater

Concentration* (1)

21 ,950

0.522

0.260

7, 100

(1) Per Record of Decision (ROD), South Cavalcade Site, Houston, Texas, September 1988.
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OOSimple gravity settling of the water for 24 hours in a five-gallon glass jar resulted in
a clearing of the water with an oil sheen on top and a heavy 1/2" settled layer at the
bottom. Gravity settling brought about an 86 percent reduction in oil and grease, 70
percent reduction in methylene chloride extractables, 1.3 percent reduction in
phenolics, and 73 percent reduction in PAH concentrations. These parameters, with
the exception of methylene chloride extractables (which is not expected to provide
any additional useful information) will be evaluated in the pilot program (See
Section 5.4.4).

Oil/water separation using polymer addition in standard jar tests was also
evaluated. Two combinations of Drew Chemical Company's polymers successfully
flocculated the oil phase in the groundwater into a dense, stable settled material,
and these were:

Amerfloc 10 @ 300 ppm
Amerfloc 5260 @ 4 ppm

and
Amerfloc 10 @ 300 ppm
Amerfloc 5270 @ 4 ppm

The volume of wet settled material generated from these two polymer tests was 11.2
gallons per 1,000 gallons of groundwater (1 .12 percent). This corresponded to a dry
weight (dried at 103°C) generation of 0.07 pounds per 1,000 gallons; of groundwater
treated by polymer. Polymer treatment achieved 90 percent oil and grease removal,
79 percent methylene chloride extractables removal and 0.3 percent removal of
TOC based on raw water concentrations. Phenolics and PAH removals were not
reported.

Polymer addition for oil/water separation of the treatability study groundwater
sample was not deemed necessary due to the only slightly better removal rates and
added cost of polymers; however, if the nature of the in situ groundwater is different
from that sampled for treatability, addition of polymers may be necessary for
oil/water separation. The preliminary polymer-treated settling test produced a
settled material which was apparently too dilute and too low in creosote oil
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concentration to make a direct product recovery possible from the settled material o
alone.

To evaluate the feasibility of treating site groundwater with activated carbon, carbon
isotherm testing was performed on gravity-settled site groundwater. Calgon
Corporation's F-300 granular activated carbon, pulverized so that 95 wt % passed
through a 325 mesh screen, was used and standard testing was performed with one-
hour contact time. The estimated carbon usage rates were derived from the carbon
isotherm plots presented in Appendix nine of the treatability report, and are
presented in Table 5-3.

An Accelerated Column Test (ACT) was also performed by Calgon Corporation on
a sample of site groundwater provided by Keystone to further evaluate the
feasibility of carbon adsorption. The ACT used F-300 granular activated carbon
and simulated a carbon column system. Since no projected flow estimate of pumped
groundwater or permit limits were available at the time of the treatability work, a 15
minute empty bed contact time was used with example treatment objectives of 30
ppm TOC, 0.5 ppm phenols and 0.5 ppm naphthalene. The estimated carbon usage
rates based on the ACT are also presented in Table 5-3. Except for the carbon
usage rate for phenol, the data obtained by Keystone and Calgon appeared to be in
agreement. The results of the ACT indicated that phenolics would be the limiting
compound, although the initial naphthalene concentration was much lower than
anticipated. The ACT study also recommended that the water be filtered for solids
removal prior to treatment.

5.32 Applicability of Data to Pilot Study and Additional Data
Requirements

Even though the preliminary gravity settling treatability test showed that oil/water
phase separation is possible by physical means alone, a secondary oil/water
separation phase using pH adjustment and polymer addition may be required during
pilot testing to remove emulsified oils. The site groundwater sample used for the
laboratory treatability tests contained about 113-144 mg/1 of oil and grease.
Recovery of dense non-aqueous phase liquids observed at several wells could
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TABLE 5-3 §

ESTIMATED CARBON USAGE RATES FROM TREAT ABILITY STUDIES

_______Study_________Basis (Influent Cone., mg/1) Carbon Usage (pounds/1,000 gals, water)

1. Keystone Laboratory Naphthalene (2.74) 0.99
Carbon Isotherm Study Phenol (7.45) 4.4

TOC (56) 2.33
2. Calgon ACT Test Napththalene (0.335) 1.0

Phenol (5.3) 2.75
TOC (58) 2.5
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potentially occur, requiring phase separation from the water before treatment of the
water. The presence of surfactants in the water recovered from the in situ soil
flushing pilot system and in the water discharged from the ex situ soil washing pilot
system may also change the characteristics of the influent to the water treatment
system. The impact of any changes in the treatment system influent characteristics
on oil/water phase separation, will be evaluated during the pilot tests. In addition,
laboratory settling tests will be performed to evaluate pretreatment requirements
for the surfactant-containing water. Non-aqueous phase oils and solids generated
during the pilot studies will be stored on site and information required to evaluate
reuse/disposal options will be developed.

Since the previous treatability studies were conducted with groundwater and the
pilot water treatment system is expected to treat not only groundwater from the
pump test but also water containing surfactants from the pilot in situ soil flushing
and pilot soil washing system, additional treatability studies are proposed. These
are described below.

Prior to start up of the pilot test, simple gravity settling and polymer treatment of a
water sample containing groundwater mixed with the selected surfactants or soil
wash water, will be evaluated. The procedure used for the gravity settling test will
be similar to that described in the previous laboratory treatability report. The raw
water sample and the supernatent from the jar test will be analyzed for parameters
such as oil and grease, TOC and pH. The supernatent from the gravity settling test
will be used in polymer treatment jar tests to determine the need and dosage rates
for polymers. Again, the procedure used will be similar to the previous laboratory
polymer tests and the polymers found effective during the previous studies will be
further tested. The supernatent will be analyzed for oil and grease, TOC and pH.
The volume of the settleable oils and solids generated during the gravity settling and
polymer treatment tests will be recorded.

The activated carbon treatability testing conducted by Keystone and Calgon was
performed on samples of gravity-settled groundwater obtained from wells OW-11
and OW-10. During the pilot studies, the water to be treated will be obtained not
only from groundwater extraction wells, but also from in situ soil flushing and ex situ

South Cavalcade Site r———7
15735WH DCC#R962 9/91 5 - 7 \ KEYSTONE

\ ENVIRONMENTAL RESOIRCES. INC.
\ I

009442



soil washing activities. The water streams obtained from the in situ soil flushing and
ex situ soil washing activities are expected to contain surfactants and detectable
concentrations of PCOC that were transferred from the soil (solid) phase to the
water phase. While surfactants are used advantageously in separating the PCOC
from the soil in soil flushing/washing, they may be detrimental to the operation of
the activated carbon adsorption system. Surfactants solubilize PCOC while carbon
is most effective on compounds with limited solubility. Also, surfactants may use up
some of the adsorptive capacity of the carbon which would otherwise be available to
the PCOC. Based on these considerations and the fact that the concentrations of
PCOC in the treatment plant influent can also be potentially higher than that
contained in the samples used for the laboratory treatability studies (see Table 5-2),
the results obtained in the laboratory studies for carbon adsorption may not be
directly applicable to the pilot-scale carbon adsorption system.

The pilot-scale study will evaluate the performance of the carbon adsorption system
for treating the groundwater mixed with soil flushing/washing water. An additional
laboratory carbon isotherm testing will be performed before stant up of the pilot
studies on a settled water sample containing groundwater mixed with the selected
surfactants or with soil wash water (containing surfactants) to better simulate the
actual field conditions during the pilot study. The results of the study will be used to
modify the pilot system, if necessary.

The procedure used for conducting the laboratory carbon isotherm testing will be
similar to that described in the previous laboratory treatability report. Different
weight ratios of activated carbon will be added to a fixed volume of settled
groundwater. Gravity-settled and/or polymer-settled water from the pretreatment
studies will be evaluated for the carbon isotherm test. One test with no carbon
added will serve as the control test. The carbon/groundwater slurries will be
contacted for an hour, and the liquid will be separated from the carbon by filtering.
The liquid phase will be analyzed for TOC, naphthalene, total recoverable phenols,
and pH. The isotherm data will be evaluated graphically to estimate carbon usage
rates. Appropriate samples of the carbon treated water from the isotherm studies
will be adjusted to pH 9-10 using liquid sodium hydroxide to get an estimate of the
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amount of NaOH that may be necessary to adjust the pH of the treatment plant
effluent to be used in situ soil flushing (See Section 5.4.10).

An upflow, aerobic, fluidized bed reactor will be used in the pilot study; however,
this treatment system was not evaluated in the previous laboratory treatability
studies. Soil column studies for in situ bioremediation and slurry (soil plus
groundwater) reactor studies for biological treatment were investigated as part of
the previous laboratory studies. Although these studies showed some PAH
biodegradation, the results are not directly applicable to the treatment of the
surfactant-containing groundwater in the fluidized bed system. Information
required to evaluate the feasibility and effluent quality achievable with the fluidized
bed system will be developed in the pilot study. Preliminary design criteria for the
fluidized bed reactor are presented in Table 5-4 (Item 11). Detailed design
information will be presented in the detailed design package.

A laboratory study for the fluidized bed reactor is not considered to be necessary
since 1.) the surfactant-containing influent water used in the pilot: studies will be
more representative of field conditions and hence the data on removal efficiency
and effluent quality will also be more representative, 2.) the data obtained from the
larger pilot unit used (feed rate approximately 0.2 gpm) will be more reliable in
scaling up to a full scale system than a small laboratory unit (typical feed rate of 10-
15 ml minute), and 3.) the duration of the pilot study (approximately 4-6 months)
will also produce more realistic information on constituent removal than a short
term laboratory study (typically about 8-9 weeks duration). A laboratory study
would also require shipment of a large volume of water for testing.

The fluidized bed reactor technology has been evaluated for treatment of
groundwater impacted with PAH, pentachlorophenol, etc. on laboratory and pilot-
scale at other wood treating sites (Keystone, February 1988; Rosenbaum and
Gromicko, June 1990). Since the feasibility of the fluidized bed reactor will be
evaluated on a side stream from the multi-media filter, the routine operation of the
main stream processes will not be affected.
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TABLES-**

PRELIMINARY DESIGN CRITERIA FOR PILOT
WATER TREATMENT SYSTEM

10

ONoo
1. Estimated Influent Flow Rate:

Sources
Estimated Flow Rate (gpm)
Minimum Maximum Expected Duration

(a) Recovery water from pilot
in situ soil flushing system

(b) Wastewater from pilot ex situ
soil flushing system*

(c) Groundwater from
extraction well pilot test

Total

1 4

0.002 0.417

1.25 2.5**
(or less)

2.25 6.92
(or less)

Depends on performance.
Expected to be about eight month

2-3 months.

Each of the three wells will be
pump tested for at least 72 hours.
resulting in a total of about 9
pumping days.

2. Estimated Effluent Reuse Rate:

Pilot Systems
Estimated Flow Rate (gpm)

Minimum Maximum

(a) Recharge water for pilot
in situ soil flushing system

(b) Requirements for pilot ex situ
soil washing system

Total

N/A*** 2

0.002 0 .417

N/A 2.4

3. Equipment Design Basis:
A design flow of 10 gpm selected to accommodate the maximum
estimated flow rate of 6.9 gpm with a safety factor of about 1 .5.

4. Soil Washing Wastewater Storage Tank:
Existing site fiberglass tank
Tank volume
Provisions for oil/solids removal

5.000 gal.

* Assumes an eight-hour shift per day.
** Assumes that the two intermediate test wells (ITW-01 and ITW-02) will be pump tested at the iiame time.

*** N/A = Not Available
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TABLE 5-4 (Cont.) ^f!

PRELIMINARY DESIGN CRITERIA FOR PILOT ^
WATER TREATMENT SYSTEM O

5. Groundwater Storage Tank:
Existing site fiberglass tank
Tank volume 8,000 gal.
Provisions for oil/solids removal

6. Soil Flushing Recovery Water Storage Tank:
Existing site fiberglass tank
Tank volume 8,000 gal.
Provisions for oil/solids removal

7. Product/Solids Storage Tank:
Exact quantity of settleable oils and solids produced not known
Proposed tank volume 5,000 gal.

8. Oil/Water Separation Unit:
Design flow 10 gpm
pH adjustment compartment

Provisions for mixing and acid/base addition
Approximate residence time 5 minutes

Polymer mix compartment
Provisions for mixing and polymer addition
Cationic and anionic polymer
Approximate residence time 2 minutes

Flocculation compartment
Provisions for slow mixing
Approximate residence time 20 minutes

Oil/solids separation unit
Gravity solids settling
Approximate residence time 30-60 minutes

9. Multi-Media Pressure Filter:
Design flow 10 gpm
Number of filter units 1
Filtration rate 5 gpm/sq.ft. (maximum)
Backwashable
Approximate backwash rate 40-50 gpm
Backwash water source: plant effluent or tap water
Backwash water discharged to soil washing wastewater storage tank
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TABLE 5-4 (Cont.)

PRELIMINARY DESIGN CRITERIA FOR PILOT
WATER TREATMENT SYSTEM

I—

oo

10. Activated Carbon System:
Design flow
Number of vessels or units
Estimated carbon usage rate based on
lab treatability study determination:

Estimated total carbon usage based on
Table 5-1 total volume of water:

Total empty bed contact time (2 units)
Backwashable
Approximate backwash rate
Backwash water source: plant effluent or tap water
Backwash water discharged to soil washing wastewater tank

* Will be refined based on proposed laboratory carbon isotherm test.

10 gpm
2 in series

2.5-2.75 Ibs/1,000 gal.*

350CMOOO Ibs*
60-110 minutes (minimum)*

65-175 gpm

11. Fluidized Bed Reactor System (BiFar)
Influent tank

Volume
Provisions for acid, base and nutrient addition

Reaction biotank
Diameter
Height
Material
Design flow (feed)
Carbon expansion

Recycle tank
Volume

Effluent tank
Volume

55 gal.

6 inches
12 feet

304 Stainless Steel
0.2 gpm (maximum)
25-30%

30 gal.

30 gal.

12. Effluent Storage Tank
Tank volume: design to store about 1 day flow

at design flow rate of 10 gpm
Sample taps provided

13. pH Control Unit for In Situ Soil Flushing Pilot System:
Provisions for liquid base addition (NaOH) and mixing
pH of water
Approximate residence time
Automatic pH control

15,000 gal.

9-10*
4 minutes
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00
TABLE 5^t (Cont.) ^f

ON
PRELIMINARY DESIGN CRITERIA FOR PILOT §

WATER TREATMENT SYSTEM

14. Surfactant Addition Svstem for In Situ Soil Flushing Pilot System:
Design flow for recharge water 2 gpm (maximum)
In line surfactant injection system following pH adjustment
Surfactants added: Rhome and Haas Triton X-100 and

Witco Emcol Cocobetaine in an appro*. 1:1 ratio by weight.
In line surfactant addition rate: Design to inject Triton X-100 and

Witco Emcol Cocobetaine at a total surfactant addition rate of
1.98 - 14.71 grams/min. at a recharge water design flow of 2 gpm.**

* Soil washing lab treatability study used a pH of 10. Optimum pH
for in situ soil flushing will be confirmed during the pilot study.

** See Section 3.2.4 for rationale.
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The preliminary data requirements prior to implementation of the pilot study are
summarized below: oo

Pretreatment requirements for the surfactant-containing water. Data
on oil/water separation and settleable oil/solids volumes will be
collected during preliminary laboratory gravity settling and polymer
treatment jar tests conducted prior to the pilot study.

Feasibility of carbon adsorption treatment of surfactant-containing
groundwater. Data will be collected during a laboratory carbon
isotherm testing on settled water, prior to the pilot testing. (Data will
also be collected on sodium hydroxide requirements for pH
adjustment of carbon treated effluent for in situ soil flushing.)

Environmental fate of surfactants. As discussed in Section 3.1.4,
available information related to the environmental fate of the selected
surfactants will be gathered.

The flow rates outlined in Section 5.2 for soil washing and soil
flushing pilot studies are preliminary estimates. As more information
is available, these flow rates will be refined.

5.4 Water Collection, Treatment and Discharge

This section describes equipment and processes used for the collection and
treatment of the water and disposal of the treated water and residues. This section
will also outline the sampling and analysis requirements and schedule.

5.4.1 Location of Water Treatment Pilot System

The major components of the water treatment pilot system will be located in the
central area of the South Cavalcade site. The approximate location of the water
treatment pilot system is shown in Figure 3-1. Electricity and water sources are
available in the proximity of this location.
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5.4.2 Major Components of the Treatment System

A schematic of the water collection and treatment system is presented in Figure 5-1.
The system will basically contain the components of the full-scale water treatment
system, but scaled down for the anticipated pilot system flowrates. If the results
obtained from the additional laboratory studies proposed in Section 5.2.2 indicate
that other unit processes or strategies would be more appropriate for the surfactant-
containing water, process modifications will be included in the detailed design
report. The major components of the system will include:

Soil washing water, groundwater and soil flushing recovery water
collection tanks for gravity oil/water separation (existing tanks),

Oil and solids storage tank,

Oil/water separation unit with pH adjustment, polymer
addition/flocculation and oil/solids separation chambers,

Multi-media pressure filtration unit,

Activated carbon adsorption,

Side stream fluidized bed reactor system,

Effluent storage tank,

pH control unit and inline surfactant addition system for in situ soil
flushing pilot system, and

Associated pumps.

Preliminary design criteria for the water treatment pilot system are presented in
Table 5-4. These criteria will be refined during the detailed design of the system. A
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10
design flow rate of 10 gpm was chosen to accommodate the maximum flow with a ^
safety factor of about 1.5. o

5.4.3 Raw Water Collection and Gravity Oil/Water Separation

The groundwater trucked to the water treatment system from the groundwater
recovery pilot test will be stored in an existing 8,000-gallon fiberglass tank. This
tank is currently on site. The in situ soil flushing recovery water will be pumped at
an estimated 1-4 gpm and collected in another 8,000-gallon capacity fiberglass tank.
At the maximum estimated flow rate of 4 gpm, this tank can store the water for
about 1.4 days. The ex situ soil washing wastewater will be stored in an existing
5,000-gallon fiberglass tank. Since the expected maximum flow rate from soil
washing is approximately 200 gpd, this tank will have enough capacity for backwash
water from the subsequent treatment train.

The above three tanks will also function as a first-stage separation process. These
tanks will have provisions to remove solids/oil from the bottom. Gravity-settled
dense oils and/or solids in all three tanks will be pumped to a product/solids
storage tank of 5,000-gallon capacity. The supernatent water in the three tanks will
be pumped to the second phase oil/water separation unit.

Composite raw water samples will be collected from each of the three tanks and
analyzed according to the schedule listed in Table 5-5. Grab samples will be
collected for volatiles (BTEX) and oil and grease. Samples will be collected with
stainless steel bailers, composited and transferred to appropriate sample containers
for analysis. The characteristics of the in situ soil flushing recovery water will be
used to assess the performance of the soil flushing pilot system.

5.4.4 Oil/Water Separation with pH Adjustment and Polymer
Addition

The combined influent (raw) water from the three storage tanks will be pumped to a
second stage oil/water separation process designed for a 10 gpm flow. Preliminary
design criteria for this unit are presented in Table 5-4. This oil/water separation
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TABLE 5-5
RAW WATER SAMPLING SCHEDULE

Parameter

Polynuclear Aromatic Hydrocarbons (PAH)
Oil & Grease (O&G)
Benzene, Toluene, Ethylbenzene, Xylene (BTEX)
Arsenic (As)**
Chromium (Cr)**
Copper (Cu)**
Lead (Pb)**
Zinc (Zn)**
Hardness**
Total Organic Carbon (TOC)
Chemical Oxygen Demand (COD)
Total Dissolved Solids (TDS)
Total Suspended Solids (TSS)

Recovered
Groundwater

Bimonthly
Bimonthly
Bimonthly
Bimonthly
Bimonthly
Bimonthly
Bimonthly
Bimonthly
Bimonthly
Bimonthly

Bimonthly

In Situ
Soil Flushing

Water*

1 /Month
1 /Month
1 /Month
1 /Month
1 /Month
1 /Month
1 /Month
1 /Month

1 /Month
1 /Month
1 /Month
1 /Month

Ex Situ
Soil Washing

Water*

Bimonthly
I/Month
Bimonthly
Bimonthly
Bimonthly
Bimonthly
Bimonthly
Bimonthly

1 /Month

1 /Month
1 /Month

(N

Oo

* During the fast 2 months, all parameters will be measured 2/month.
** For in situ soil flushing water, if the initial analysis indicates that metals

are not of concern, the frequency of analysis will be bimonthly.
+ Frequency of analysis of soil washing water at the water treatment

unit may decrease depending upon frequency of analysis at
soil washing unit.
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unit will provide for pH adjustment and polymer addition, if needed, followed by an
oil/solids separation step. pH adjustment and anionic/cationic polymer addition
will be used to remove any residual free oils and emulsified oils that pass through
the first stage separation. The approximate hydraulic retention time of 5 minutes in
the pH adjustment compartment has been found by Keystone to be adequate for
similar types of groundwater at other sites. Details of the mixer size, etc. will be
provided in the detailed design package. Polymers found effective during the
laboratory treatability studies will be further evaluated. The settled oils and sludge
will be pumped to an oil/solids storage tank and the effluent water from oil/water
separation will be pumped to a multi-media pressure filter.

Since sodium hydroxide is added to raise the pH in the pilot in situ soil flushing
system and pH may be adjusted with acid in the oil/water separator, the total
dissolved solids (TDS) concentration may increase. TDS will be monitored
periodically at several points in the treatment system.

To determine the characteristics of the composite influent stream to the second
stage oil/water separator and subsequent treatment train, the composite influent
stream will be sampled and analyzed according to the schedule shown in Table 5-6.
Composite samples will be collected from a sample tap or an automatic composite
sampler and transferred to appropriate sampling containers for analysis. Suitable
methods for analysis of surfactants are being investigated. If appropriate methods
are identified, surfactants will be analyzed periodically at selected points in the
treatment system. This will be discussed in the detailed design report.

The oil/water separation unit will be monitored for operational parameters as listed
in Table 5-7. To determine the performance of the second stage oil/water
separator, composite samples of the effluent will be collected from a spigot,
transferred to sampling containers and analyzed according to the schedule in Table
5-8.

Composite samples will be obtained by collecting samples from the tap at three
designated times during the designated sampling day. The samples will be
composited as necessary and transferred to sampling containers at the end of the
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Parameter

TABLE 5-6
COMBINED INFLUENT SAMPLING SCHEDULE***

__ Frequency

ONOO

Polynuclear Aromatic Hydrocarbons (PAH)
Oil & Grease (O&G)
Benzene, Toluene, Ethylbenzene, Xylene (BTEX)
Total Phenols
Arsenic (As)*
Chromium (Cr)*
Copper (Cu)*
Lead (Pb)*
Zinc (Zn)*
Total Organic Carbon (TOC)
Ammonia**
Nitrate**
Nitrite**
Phosphate**
Chemical Oxygen Demand (COD)
Biochemical Oxygen Demand (BOD)
Total Dissolved Solids (TDS)
Total Suspended Solids (TSS)
Volatile Suspended Solids (VSS)

I/Month
2/Month
1/Month
1/Month
I/Month
I/Month
1 /Month
I/Month
I/Month
2/Month
1/Month
1/Month
1/Month
1/Month
1/Month
1/Month
I/Month
I/Month
1/Month

* If the initial analysis indicates that metals are not of concern,
the frequency of analysis will be bimonthly.

** On site test kit analysis.

* "Surfactants will be analyzed periodically if appropriate methods are identified.
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TABLE 5-7

OILAVATER SEPARATION OPERATIONAL PARAMETERS*

Parameters (influent)

pH

Temperature

Flow Rate

Chemical Usage Rate**

Fluid Density

Fluid Viscosity

TSS/VSS/FSS***

Frequency

Daily

Daily

Daily

Daily

1 /Month

1 /Month

Weekly

NOTES:

* Field/on site measurements. Effluent sampling schedule is
same as influent sampling schedule for filter (Table 5-9).

** In the reactor.
*** In the influent and underflow from solids separation chamber.
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TABLE 5-8
PRETREATMENT UNITS SAMPLING SCHEDULE

Parameter

Polynuclear Aromatic Hydrocarbons (PAH)
Oil & Grease (O&G)
Benzene, Toluene, Ethylbenzene, Xylene (BTEX)
Arsenic (As)
Chromium (Cr)
Copper (Cu)
Lead (Pb)
Zinc (Zn)
Total Organic Carbon (TOC)
Total Dissolved Solids (TDS)
Chemical Oxygen Demand (COD)
Biochemical Oxygen Demand (BOD)
Total Phenols

Oil/Water
Separator
Effluent

Bimonthly
2/Month
Bimonthly
Bimonthly
Bimonthly
Bimonthly
Bimonthly
Bimonthly
1 /Month
1 /Month

Multi-Media
Filter

Effluent*

1 /Month
2/Month
Bimonthly
I/Month**
I/Month**
I/Month**
I/Month**
I/Month**
2/Month
1 /Month
1 /Month
1 /Month
1 /Month

* Will also serve as influent monitoring for the carbon and BiFar units.

** If the initial analysis indicates that metals are not of concern,
the frequency of analysis will be bimonthly.
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day for appropriate analysis. Grab samples will be collected once per designated
day for volatiles (BTEX) and oil grease.

Description of the procedure for collecting composite samples, is presented in
Section 5.6 of the SAP.

5.4.5 Storage of Oil/Solids and Recycle/Disposal

The oils and solids recovered during the two-phase oil/water sepiiration treatment
will be stored in a 5,000-gallon storage tank. Based on the results obtained during
the laboratory settling studies (Section 5.3.1) it appears that a 5,000-gallon tank will
suffice; however, if oils and solids are produced in larger quantities, additional
storage tanks will be used.

The ultimate destination of the recovered oils and solids will be determined after a
sufficient quantity has been recovered/generated. The stored oils and solids will be
evaluated to determine options for product recovery or disposal. Composite
samples of oils and solids will be collected and analyzed for appropriate parameters
to develop the required information. Grab samples will be collected for appropriate
parameters. The procedure for collecting these composite samples is presented in
Section 5.6 of the SAP.

5.4.6 Multi-Media Pressure Filtration

The effluent water from the secondary oil/water separator will be pumped to a
multi-media pressure filter to remove suspended solids that may otherwise plug the
carbon unit or interfere with the operation of the fluidized bed reactor. Preliminary
design criteria for this unit are presented in Table 5-4. The filtration unit will be
backwashed to the soil washing water storage tank. Plant effluent from the effluent
storage tank will be used for backwashing with tap water as back-up (Figure 5-1).
Details of the multi-media pressure filter such as type of media, size of media,
media height, etc., will be presented in the detailed design report.
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ooir>^J-The effluent stream from the multi-media pressure filter will be sampled from a o
sample tap and composite samples will be analyzed for the parameters shown in
Table 5-8. Grab samples will be obtained for volatiles (BTEX) and oil and grease.
Composite samples will be obtained as outlined in Section 5.4.4. This is described
in Section 5.6 of the SAP. Results obtained will be used to assess the performance
of the pretreatment processes. The influent and effluent stre;ams will also be
monitored for other operational parameters presented in Table 5-9.

The main effluent stream from the filter will flow to a carbon treatment system. A
side stream will be used as influent to the fluidized bed unit.

5.4.7 Carbon Adsorption System

Granular activated carbon (GAC) adsorption will be used to remove the residual
PCOC before discharge (Figure 5-1). Two backwashable granular activated carbon
vessels will be operated in series. The carbon usage based on a previous laboratory
treatability study (Section 5.3.1) is 2.5 - 2.75 pounds per 1,000 gallons of water
treated, but this will be verified and refined in additional carbon isotherm tests
(Section 5.3.2). The carbon used in the adsorption process will be regenerated
offsite. The total empty bed contact time (EBCT) for the two vessels is expected to
be in the 60-110 minute range and will be refined during the additional carbon
isotherm tests. The carbon vessels will be backwashed with plant effluent or back-
up tap water and the backwash water will be discharged to the soil washing water
storage tank at the head of the plant. The effluent from the carbon system will be
discharged to an effluent storage tank.

Effluent from both the first and second carbon columns will be monitored for
operational parameters as shown in Table 5-10. Effluent from the first carbon
column will be sampled from a sample tap and samples will be analyzed according
to the schedule presented in Table 5-11. Grab or composite samples will be
collected from the effluent from the first carbon unit, with the sampling
methodology contingent upon the method specified for the treatment system final
effluent. The analysis of the plant effluent as shown in Table 5-12 will serve to
monitor the effluent quality from the second carbon column. ITie fluidized bed
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TABLE 5-9 !£
Os

MULTI-MEDIA FILTRATION MONITORING PARAMETERS §

Parameters

PH

Temperature

Flow Rate

Pressure Drop

Fluid Density

Fluid Viscosity

TSS/VSS/FSS

Influent*

Daily

Daily

Daily

Daily

1 /Month

1 /Month

Weekly

Frequency
Effluent

Daily

Daily

Daily

Daily

1 /Month

1 /Month

Weekly

* Will also serve as effluent monitoring for second step oil/water separation.
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TABLE 5-10

ACTIVATED CARBON COLUMNS
oO

MONITORING PARAMETERS*

Parameters

PH

Temperature

Pressure Drop

Flow Rate

TSS/VSS/FSS

Phenolics (test kit)

Frequency
Column 1 Column 2
Effluent Effluent

Daily

Daily

Daily

I/Week

2/Week

Daily

Daily

Daily

I/Week

2/Week

"•Field/on site measurements

DCCR962 9/91

5-15b \KEYSTONE\ ENVIRONMENTAL RESOURCES. INC.

009460



TABLE 5-11

EFFLUENT SAMPLING SCHEDULE FOR
CARBON AND FLUIDIZED BED TREATMENT UNITS

Parameter Carbon Unit Carbon Unit#\ #2
Effluent Effluent*

Polynuclear Aromatic Hydrocarbons (PAH)
Oil & Grease (O&G)
Benzene, Toluene, Ethylbenzene, Xylene (BTEX)
Arsenic (As)**
Chromium (Cr)**
Copper (Cu)**
Lead (Pb)**
Zinc (Zn)**
Total Organic Carbon (TOC)
Chemical Oxygen Demand (COD)
Biochemical Oxygen Demand (BOD)
Total Dissolved Solids (TDS)
Total Phenols

Bimonthly

1 /Month

1 /Month

Fluidized
Bed

Effluent

1 /Month
2/Month
Bimonthly
I/Month
I/Month
1 /Month
1 /Month
1 /Month
1 /Month
1 /Month
1 /Month
I/Month
1 /Month

* Analysis of plant effluent (Table 5-13) will also serve to monitor the
Carbon Unit #2. Fluidized bed effluent should have little impact if flow rates are
as expected.

** If the initial analysis indicates that metals are not of concern,
the frequency of analysis will be bimonthly.
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TABLE 5-12
PLANT EFFLUENT SAMPLING SCHEDULE

Parameter Frequency

Flow*
Polynuclear Aromatic Hydrocarbons (PAH)
Oil & Grease (O&G)
Benzene, Toluene, Ethylbenzene, Xylene (BTEX)
Total Phenols (4-AAP)
Arsenic (As)**
Chromium (Cr)**
Copper (Cu)**
Lead (Pb)**
Zinc (Zn)**
Total Organic Carbon (TOC)
Ammonia***
Nitrate***
Nitrite***
Phosphate***
Chemical Oxygen Demand (COD)
Biochemical Oxygen Demand (BOD)
Total Suspended Solids (TSS)
Volatile Suspended Solids (VSS)
Total Dissolved Solids (TDS)
pH*__________________________

I/Day
1 /Month
2/Month
1/Month
1/Month
1/Month
1 /Month
1/Month
1/Month
I/Month
2/Month
2/Month
2/Month
2/Month
2/Month
1/Month
I/Month
1 /Month
1 /Month
1/Month
2AVe.sk

* Field measurement.

** If the initial analysis indicates that metals are not of concern,
the frequency of analysis will be bimonthly.

***On site test kit analysis.
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effluent should have little impact if flow rates are as expected. The results will be
used to determine the performance of the carbon treatment system..

5.4.8 Fluidized Bed Reactor Operation

During the water treatment pilot study, a side stream from the multi-media filter
effluent will be diverted to a pilot-scale upflow fluidized bed reactor system (Figure
5-1). The feed rate used will be 0.2 gpm (maximum).

The preliminary design criteria for the pilot fluidized bed unit are presented in
Table 5-4. The side stream from the filter will flow into an influent holding tank
where the pH of the influent feed will be adjusted and nutrients will be added, as
necessary. The influent will then be pumped into the fluidized bed reactor. The
effluent from the reactor will flow into a recycle tank, from which water will be
recycled by pumping to the inlet of the fluidized bed reactor. The overflow from the
recycle tank will be collected in an effluent tank and pumped to the line carrying the
effluent from the second carbon vessel to the effluent storage tank.

At the startup of the system, the activated carbon in the fluidized bed will be
saturated with organic constituents by pumping the influent feed through the system.
The system will be seeded with biomass from a wood treating plant's biological
wastewater treatment system. The feed rate will be adjusted to 0.2 gpm and the
recycle rate will be adjusted to maintain 25-30% carbon bed expansion within the
column. The system will be maintained under these conditions for a 2-4 week
acclimation period.

The effect of loading rate on the fluidized bed performance will be evaluated by
varying the influent feed rate to the column under constant recycle flow rate. The
feed rates to be used will be selected depending on their impact upon the effluent
quality. Each feed rate will be studied for a period of about four weeks. The quality
of the fluidized bed effluent will be determined by collecting composite samples of
the effluent from a spigot or from the fluidized bed effluent tank and analyzing
according to the schedule presented in Table 5-11 . Grab samples will be collected
once per designated day for volatiles (BTEX) and oil and grease. Composite
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samples will be obtained from the sample tap as outlined in Section 5.4.4. Other
process/operating parameters will also be determined per the schedule presented in
Table 5-13.

5.4.9 Storage of Pilot Plant Effluent and Discharge

The effluent from the carbon adsorption units as well as the fiuidized bed unit will
be collected in a 15,000-gallon effluent storage tank (Figure 5-1). This tank will be
designed to store about a day's flow of effluent at the design plant flow rate of 10
gpm. The effluent in this tank will serve as a source of water for backwashing the
pressure filter and carbon adsorption units. Part of the effluent will be pumped, as
necessary, to the soil washing pilot system (1 - 200 gpd) for use as wash and rinse
water. A portion of the effluent will be pumped on a continuous basis (with
temporary down periods for maintenance) for use as recharge water to the in situ
soil flushing pilot system. The remaining effluent will be discharged off site by
pumping to the drainage ditch near the eastern boundary of the site for eventual
discharge into Little Whiteoak Bayou per an NPDES permit. The NPDES permit
will be obtained before the start of the pilot studies. If the plant effluent does not
comply with the NPDES permit limitations, the effluent will be recycled for
treatment.

The pilot plant effluent sampling and analysis schedule is shown in Table 5-12.
Grab or composite samples, as required, will be collected from the effluent storage
tank with stainless steel bailers or from sample taps. Grab sampling will be used for
volatiles (BTEX) and oil and grease. Composite samples, if required, will be
obtained as outlined in Section 5.4.4. The results will also serve for characterizing
the recharge water for the in situ soil flushing unit and the wash water to be used for
soil washing.

5.4.10 Above Grade Components of the In Situ Soil Flushing Pilot
System

The above grade components of the in situ soil flushing pilot system include the
following (Figure 5-1):
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TABLE 5-13

FLUTOIZED BED TREATMENT UNIT

MONITORING PARAMETERS*

Monitoring
Parameters

PH

Temperature

Flow Rate**

Dissolved Oxygen

Total Dissolved Solids

Chemical Usage Rate

TSS/VSS/FSS

Ammonia

Nitrite

Nitrate

Phosphate

Microscopic Observation

Bed Height**

Influent

Daily

Daily

Daily

Daily

2/Week

Daily

2/Week

2/Week

2/Week

2/Week

2/Week

2/Week

2/Month

Frequency
Effluent

Daily

Daily

Daily

Daily

2/Week

Daily

2/Week

2/Week

2/Week

2/Week

2/Week

2/Week

2/Month

* Field/on site measurements

** Recycle Flow Rate will be monitored 2/Week

*** Both Static and Fluidized
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soil flushing recovery water storage tank,
pH control unit,
surfactant injection system, and
associated pumps.

The recovered groundwater from the in situ soil flushing trench drain system in the
northern area of the site will be pumped at 1-4 gpm to the 8,000-gallon recovery
water storage tank located at the head of the water treatment pilot system. This
water will be sampled and analyzed for the parameters shown in Table 5-5, as
described in Section 5.4.3. The results will help assess the performance of the in situ
soil flushing pilot system.

The treated effluent from the water treatment pilot system will serve as the source
of recharge water for soil flushing and will be analyzed per Table 5-12. A portion of
the treatment plant effluent will flow to a pH control unit which will have provisions
for sodium hydroxide addition and mixing. The pH of the water vail be adjusted to
be in the range of 9-10. Liquid sodium hydroxide will be added as required with the
help of an automatic pH control unit. An estimate of sodium hydroxide required to
adjust the pH of the treatment plant effluent in the range of 9-10 will be obtained
during additional treatability studies. The optimum pH to be used for in situ soil
flushing will be evaluated and refined during the pilot studies. Following pH
adjustment, the water will be mixed with the selected surfactant:; by means of an
inline surfactant injection system which will be placed ahead of a pump (Figure 5-1)
to minimize foaming. The surfactants added will be Rhom and Haas Triton X-100
and Witco Emcol Cocobetaine as discussed in Section 3.2.3. The recharge water
containing surfactants will be pumped to the soil flushing distribution system in the
northern area of the site. The recovery water line and the recharge water system
will be monitored for operational parameters per the schedule presented in Table 5-
14.

In order to ensure that the carbon treatment system is not overcome by the
surfactants in the pilot in situ soil flushing and soil washing; wastewater, an
additional laboratory carbon isotherm test will be performed as explained in Section
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TABLE 5-14

RECOVERY LINE AND RECHARGE SYSTEM MONITORING PARAMETERS*

oo

Recovery Line Recharge System

Flow Rate

PH

Temperature

Dissolved Oxygen

Hardness

Chemical Usage Rate**

Daily

Daily

Daily

Daily

2/Month

Daily

Daily

Daily

Daily

Daily

* Field/on site measurements.
** In the pH control unit and surfactant addition system.

DCCR962 9/91
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5.3.2 to determine (a) the feasibility of using carbon adsorption for surfactant-
containing water, and (b) the carbon usage rate. The results of this study will be
used to modify the proposed pilot system, if necessary. Routine monitoring of
carbon Unit #1 effluent (see Tables 5-10 and 5-11) will also ensure that
breakthrough is not occurring and the system is operating satisfactorily.

5.5 Above Grade System Design

Preliminary data requirements have been identified in Section 3.1 for planning of
the below grade soil flushing pilot system and in Section 4.0 for the ex situ soil
washing system. These will influence the design of the above grade systems. Other
data needs for design of the above grade system were identified in Section 5.3.2.

When these data requirements are met to the extent possible, a detailed design
report of the above grade systems relating to the in situ soil flushing and water
treatment pilot systems will be prepared. This report will contain detailed design
analyses, design drawings and construction specifications for the above-grade pilot
systems. The final design will include all tasks necessary to produce a construction
bid package for the above ground components of the water treatment and in situ soil
flushing system.

5.6 Report of Findings

At the completion of the pilot test a report will be prepared describing the results of
the pilot test. This report will include a description of the technologies, the methods
used to evaluate the technologies, and the results of the studies. Recommendations
will be included for the design and operation of the full-scale system. An example
of a typical outline for the Report of Findings is presented in Table 5-15.
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TABLE 5-15
OUTLINE FOR REPORT OF FINDINGS

1.0 Introduction

1.1 Objectives
1.2 Background

1.2.1 History
1.2.2 Extent of Potential Impact
1.2.3 Technology Description

1.3 Report Organization

2.0 Summary of Sampling on Field Testing

3.0 Study Procedure

4.0 Study Results

5.0 Conclusions and Recommendations
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6.0 TEST METHODS

The following references the various analytical and physical testing methods
corresponding to the specified data requirements presented in this Work Plan. A
more detailed description is included in the SAP and QA/QC requirements are
presented in the QAPP.

6.1 Operational Monitoring

During the pilot treatability testing, operational monitoring of several parameters
will be conducted for various processes. These parameters will be measured using
test kit methods in the field. The operational parameters monitored in the pilot in
situ soil flushing system and water treatment system are shown in Table 5-7, 5-9, 5-
10, 5-13 and 5-14. The appropriate test kits and field methods are presented in
Table 6-1 and discussed in the SAP.

62 Environmental Fate Monitoring

The various analytical methods to be used in the analysis of water and soil samples
are presented in Tables 6-2 and 6-3, respectively. Detection limits are also shown
but these may vary depending on sample matrix and interferences. Analytical
QA/QC will be provided by field blanks, trip blanks and laboratory duplicates and
spikes, if necessary.

6 J Physical Soils Tests

Physical testing will be performed by qualified personnel. The test methods will
adhere to the appropriate American Society for Testing and Materials (ASTM) or
other accepted procedure. Table 6-4 identifies the test parameters and test methods
for the physical soil testing activities.

South Cavalcade
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TABLE 6-1
TEST KIT AND FIELD ANALYSIS FOR WATER

(NC--^J-ONOo

Ammonia
Nitrate/Nitrite
Ortho-phosphate
Phenolics

Temperature
Dissolved Oxygen
Fluid Density
Fluid Viscosity
Microscopic Observation
Solids (TDS/TSS/VSS/FSS)

Model K-1510 Chemetrics
Model Nl-12 HACK
Model PO-19A HACK
Model K-8012 Chemetrics
Meter (Orion or Fisher)
Thermometer (Mercury)
Model 57 YSI
ASTM D 1429
ASTM D 445
Light Microscope
EPA 160.1/160.2/160.4

South Cavalcade
1573504)1 DCC#R962 9/91

6-la

\KEYSTONE
\ ENVIRONMENTAL ([SOURCES, INC.

009472



TABLE 6-2
ANALYTICAL TESTING METHODS FOR WATER

Parameter

PHOil and GreaseTotal Phenols (4-AAP)Total Organic CarbonBiochemical Oxygen DemandChemical Oxygen DemandTotal Dissolved SolidsTotal Suspended SolidsVolatile Suspended Solids

AnalyticalMethod

EPA 150.1EPA413.1EPA 420.2
EPA 4 15.1EPA 405.1EPA 410.1EPA 160.1EPA 160.2
EPA 160.4

PracticalQuantitation
Limit

5mg/l0.005 mg/1lmg/1lmg/110 mg/1lmg/1lmg/1lmg/1
Polvnuclear Aromatic Hydrocarbons
AcenaphtheneAcenaphthyleneAnthracenea^anthracenea)pyreneb)fluoranthene
BenzoBenzoBenzoBenzo g,h,i)peryleneBenzo(k)fluorantheneChryseneDibenz(a,h)anthraceneFluorantheneFluoreneIndeno( l,2,3-cd)pyreneNaphthalenePhenanthrenePyrene
Metals
ArsenicChromiumCopperLeadZinc
Volatile Organics
BenzeneTolueneEthylbenzene
Xylene

EPA 8270EPA 8270EPA 8270EPA 8270EPA 8270EPA 8270EPA 8270EPA 8270EPA 8270EPA 8270EPA 8270EPA 8270EPA 8270EPA 8270EPA 8270EPA 8270

EPA 7060EPA 6010EPA 6010EPA 6010EPA 6010

EPA 8020EPA 8020EPA 8020
EPA 8020

10ug/l
10ug/l10ug/l10ug/l10ug/l10ug/l10ug/l10ug/l10ug/l10ug/l10ug/l10ug/l10ug/l10ug/l10ug/l10ug/l

10ug/l10ug/l25 ug/13ug/l20 ug/1

0.2 ug/10.2 ug/10.2 ug/10.3 ug/1

South Cavalcade
157350-01 DCC#R962 9/91 6-lb \KEYSTONE

\ ENVIRONMENTAL RESOURCES. INC.
\____l

009473



TABLE 6-3
ANALYTICAL TESTING METHODS FOR SOILS

Parameter AnalyticalMethod
PracticalQuantitationLimit

OO

PHTCLP ExtractionMicrobial Count
EPA 9045EPA 1311

Polynuclear Aromatic Hydrocarbons
Acenaphthene EPA 8270Acenaphthylene EPA 8270Anthracene EPA 8270Benzo(a)anthracene EPA 8270Benzo(a)pyrene EPA 8270Benzo(b)fluoranthene EPA 8270Chrysene EPA 8270Dibenz(a,h,)anthracene EPA 8270Fluoranthene EPA 8270Fluorene EPA 8270Indeno(l,2,3-cd)pyrene EPA 8270Naphthalene EPA 8270Phenanthrene EPA 8270Pyrene EPA 8270

660 ug/kg660 ug/kg660 ug/kg660 ug/kg660 ug/kg660 ug/kg660 ug/kg660 ug/kg660 ug/kg660 ug/kg660 ug/kg660 ug/kg660 ug/kg660 ug/kg

TCLP Extract
PAHArsenic
ChromiumCopperLeadZinc

EPA 8270EPA 7060EPA 6010EPA 6010EPA 6010EPA 6010

Same as Table 6-110ug/l10ug/l25 ug/15ug/l20 ug/1
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TABLE 6-4
PHYSICAL TESTING METHODS FOR SOILS

10

Oo

Parameter Test Method

Atterberg LimitsClassification
DescriptionDispersive NatureGrain SizeIn-Place Unit Weight

Natural Moisture ContentPermeabilitySieve AnalysisSpecific GravityStandard Penetration TestStandard Protector MethodRelatively Density Test

ASTM (1) D 4318ASTM D 21487ASTM D 21488ASTM D 4221ASTM D 421as described inASTM D 2166
ASTM D 2216SW 925 (2)ASTM D422ASTM D 854ASTM D 1586ASTM D698ASTM D4253andASTM D4254

Notes:
(1) ASTM - American Society for Testing and Materials
(2) EPA Manual "Soil Properties, Classification, and HydraulicConductivity Testing" Washington D.C., (1984).
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7.0 APPROACH TO IN SITU BIOREMEDIATION PILOT TESTING

The in situ soil flushing pilot studies will be run for a period of about eight months.
If the results obtained during this pilot study shows that in situ soil flushing with
surfactants will not effectively flush the PCOCs in a reasonable time period, a pilot
program for in situ bioremediation will be subsequently implemented.

The in situ bioremediation pilot test will be conducted using the same recharge and
trench drain recovery system described in Section 3.0. In this case, the residual
PCOCs will be evaluated for further microbial degradation. Alternately, a new
recharge and groundwater extraction system will be installed in an area containing
PCOCs east of the previous soil flushing area in the northern portion of the South
Cavalcade site. The decision as to whether a new system will be installed will be
made based on the results and operational experience obtained from the in situ soil
flushing pilot study, and the pilot water treatment study. The recharge water will be
mixed with nutrients such as nitrogen and phosphorus, and an oxygen source such as
hydrogen peroxide to increase the dissolved oxygen concentration of the recharged
water. Enhanced aerobic biodegradation of the soil constituents of concern will be
evaluated.

The above grade equipment used for the in situ biodegradation pilot program will
be essentially the same as that presented in Figure 5-1, with modifications as
necessary. Extracted groundwater will be stored in the soil flushing recovery water
tank. This water will be treated by oil/water separation, filtration and by an upflow,
aerobic fluidized bed reactor or carbon adsorption as shown in Figure 5-1. The
effluent will be stored and a portion will be conditioned for groundwater recharge
using pH control, nutrient addition and hydrogen peroxide addition as shown in
Figure 7-1. The pH adjustment unit used for the in situ soil flushing system will be
modified with provisions for acid/base addition and nutrient (nitrogen and
phosphorus sources) addition. Hydrogen peroxide will be injected in line to serve as
the oxygen source. The nutrient- and oxygen-enriched recharge water will be
pumped to the in situ bioremediation system for subsurface injection. Natural soil
bacteria will be used for in situ bioremediation with seeding, if found necessary.
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Any excess treated effluent will be discharged off site under the NPDES permit or
to a POTW under a pretreatment permit. The in situ bioremediation pilot system
will be operated for a period of about six months or longer if it proves to be
effective in reducing the concentrations of PCOCs. A separate work plan for the in
situ bioremediation pilot testing will be prepared prior to implementing this phase,
if required.

oor-
oo
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8.0 SCHEDULE

All work performed by Beazer shall be performed in accordance with the schedule
specified in Section 9 and Section 10 of the Statement of Work.

1. Within 30 days of EPA's approval of the Remedial Design Work Plan
(RDWP), including the approval of the Treatability Study Work Plan, Beazer
shall start the field work, for the Site Investigation and the Groundwater
Extraction Pilot Study.

2. Within 90 days of initiating field work for the Site Investigation and
Groundwater Extraction Pilot Test, Beazer shall submit the Draft Soil
Investigation Report and Draft Groundwater Extraction Pilot Study Report.

3. Within 60 days of submittal of the Draft Soil Investigation Report (as
described in the SAP), Beazer shall submit to EPA the Draft Pilot Study
Design (PSD) which includes the design for the Water Treatment, Soil
Washing, and Soil Flushing Pilot Studies.

4. Within 30 days of receipt of the PSD, EPA shall notify Beazer of their
comments.

5. Within 30 days, Beazer shall submit to EPA a revised PSD in response to
EPA's comments.

6. Within 15 days, EPA shall either approve or disapprove the PSD with
comments.

7. If the PSD is disapproved, Beazer shall respond to each comment and
resubmit the PSD within 30 days of EPA's approval.

8. Within 15 days of receipt of the resubmitted PSD, EPA shall approve or
disapprove the PSD.
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9. Within 20 days of the issuance of the permit to discharge water or approval
of the PSD whichever is later, Beazer shall start the field work for the
remaining pilot studies.

10. Within 180 days of the start of field work for the pilot studies (except the
Groundwater Extraction Pilot Study), Beazer shall complete all field work
for the Water Treatment and Soil Washing Pilot Studies.

11. Within 240 days of the start of field work for the pilot studies (except the
Groundwater Extraction Pilot Study) Beazer shall complete all field work for
the Soil Flushing Pilot Study.

12. During the pilot study field work, meetings shall be held monthly (or less
frequently if mutually agreed upon in writing) between the EPA and Beazer
to discuss the status of the field work.

13. Beazer shall notify EPA within 10 days of the completion of the field work
for each pilot study.

14. Beazer shall submit to EPA within 60 days of the completion of all field
activities for each pilot study the following:

Draft Soil Washing Pilot Study Report
Draft Trench Drain/Soil Flushing Pilot Study Report
Draft Water Treatment Pilot Study Report

15. Within 45 days after receipt of each draft report, EPA will provide comments
to Beazer.

16. Within 45 days of receipt of EPA's comments on each draft report, Beazer
shall submit to EPA a final report which responds to EPA's comments.

17. Within 30 days of receipt of each final report, EPA will notify Beazer of its
approval or disapproval with EPA comments.

South Cavalcade Site
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oo
18. If a final report is disapproved, Beazer shall respond to each comment and <^

resubmit the report within 15 days of receipt of EPA's disapproval. °

19. Within 15 days of receipt of the resubmitted final report, EPA will approve
or disapprove the report.

20. If, based on the results of any of the pilot studies, the EPA determines the
objectives of the Remedial Action cannot be met, Beazer shall within 30 days
of such determination by EPA submit to EPA a brief summary of
alternatives. If after review, EPA determines further action or investigation
is required, Beazer shall initiate such additional action or investigation in
accordance with a mutually agreed upon schedule.

A more detailed schedule is presented in Figure 8-1.

South Cavalcade Site r———7
157350-01 DCC#R962 9/91 8-3 \KEYSTONE

\ ENVIRONMENTAL ([SOURCES. INC.
\ I

009481



^ 13 1 4 1 5 16 1 7 1 8 I 9 I 10 I 1 1 I 12 I 13 I 14 I 15 I 16 I 17 I IB I 19 j 20 I 2 1 I 22 j 23 I 24 I 2b
30 8k

450

445
'ILOT SYSTEM OPERATION (SOIL FLUSHING!

350

L 255

PjgjO.T SYSIBLPPEHATION

'IL IT SY5TEH OPERATION (HAUrrHEATMENT)

345______ . 3fiQ_
INGS

355

PROCUREMENT

• FIGURE 8-1

•&AL

CYOVAL

[*** I icUfltr Br/tely PMMfcufclli criuui Acuntr

Prtiavepi Systme. Inc.

PILOT SCALE STUDIES
BEAZER EAST. INC.

SOUTH CAVALCADE

Sheet 1 of 1

Plot Dite: 23SB>91

(WAflB It 0. NcCAtOUM) 157S6M1

009482
009482



REFERENCES

Appendix A - Treatability Laboratory Report, Feasibility Study, South Cavalcade
Site, Houston, Texas, Keystone Environmental Resources, Inc., August 1988.

Bechtel Environmental Inc., Detailed Statement of Work for South Calvalcade Site,
Houston, Texas. May 1990.

Cleaning Excavated Soil Using Extraction Agents: A State-of-the-Art Review, Risk
Reduction Engineering Laboratory Office of Research and Development
U.S. Environmental Protection Agency, Cincinnati, Ohio. June 1989.
EPA/600/2-89/034.

Handbook of In Situ Treatment of Hazardous Waste - Contaminated Soils. Risk
Reduction Engineering Laboratory, Office of Research and Development
U.S. Environmental Protection Agency, Cincinnati, Ohio January 1990
EPA/540/2-90/002.

Keystone Environmental Resources, Inc., Treatability Study Report, Koppers
Company, Inc., Texarkana, Texas. February 1988.

Sonnen, H.D. W. Groschel, M. Nels, Experience with the Harbauer PB3 Soil
Cleaning System, Forum on Innovative Hazardous Waste Treatment
Technologies: Domestic and International, Atlanta, Georgia. June 19-21,
1989.

Koppers Company, Inc., Remedial Investigation Final Report, Volume 1. July 1988.

Pheiffer, T.H., TJ. Nunno, J.S. Walters, EPA's Assessment of European
Contaminated Soil Treatement Techniques, Environmental Progress. May
1990.

Record of Decision (ROD), South Cavalcade Site, Houston, Texas, September
1988.

South Cavalcade Site \——7
15735WH DCCJR962 9/91 REF - 1 \ KEYSTONE

\ ENVIRONMENTAL RESOURCES. INC.

009483



oon-oo
Rosenbaum, W.E. and Gromicko, GJ., Biodegradation of PCP Contaminated

Groundwater - the BiFarSM Approach, Presented at: IvlFPL Forum on
Remediation of Wood Treating Wastes. June 1990.

Valine, S.B., D.D. Chilcote, A.R Zambrano, Development of a Soil Washing
System, 44th Purdue Industrial Waste Conference.

South Cavalcade Site
15735001 DCC#R962 9/91 REF - 2 \ i__ _ _ __ _NVHONMINTAL USOUICIS. INC.KEYSTONE

009484



oo•*go

HEALTH AND SAFETY AND
CONTINGENCY PLAN

REMEDIAL DESIGN WORK PLAN
SOUTH CAVALCADE SITE

HOUSTON, TEXAS

Prepared for:
BEAZER EAST, INC.

436 SEVENTH AVENUE
SUITE 1450

PITTSBURGH, PA 15219

Prepared by:
BECHTEL ENVIRONMENTAL, INC.

3000 POST OAK BLVD.
P .O . BOX 2166

HOUSTON, TX 77252-2 166

MARCH 1992

APPROVED BY: _________________________ DATE:
Health and Safety Manager

APPROVED BY: _________________________ DATE;
Project Manager
Beazer East, Inc.

009485



TABLE OP CONTENTS

1 . 0 INTRODUCTION . . . . . . . . . . . . . . . . . . 1 - 1
2.0 STAFF ORGANIZATION, RESPONSIBILITIES, AUTHORIZATION

A N D QUALIFICATIONS . . . . . . . . . . . . . . 2 - 1
2 . 1 PROJECT MANAGER (PM) . . . . . . . . . . . . 2 - 1
2 .2 HEALTH AND SAFETY MANAGER (HSM) . . . . . . 2- 1
2.3 SITE HEALTH AND SAFETY OFFICER (SHSO) . . . 2-3
2 .4 EMERGENCY RESPONSE TEAM . . . . . . . . . . 2 -4

3 . 0 SITE BACKGROUND . . . . . . . . . . . . . . . . 3 - 1
4 . 0 HAZARD ANALYSIS . . . . . . . . . . . . . . . . 4 - 1

4 . 1 HAZARDS TO SITE WORKERS . . . . . . . . . . 4- 1
4 . 1 . 1 Site Preparation . . . . . . . . . . . . 4 - 1
4 . 1 . 2 Well Drilling . . . . . . . . . . . . . . 4 - 24 . 1 . 3 Soil Sampling Activities . . . . . . . . 4 -2
4 . 1 . 4 Extraction Well Pilot Test . . . . . . . 4 -2
4 . 1 . 5 Trench Drain Pilot Test . . . . . . . . . 4 -3
4 . 1 . 6 Soil Washing Pilot Test . . . . . . . . . 4 -34 . 1 . 7 Water Treatment Pilot Test . . . . . . . 4 -4
4 . 1 . 8 Capping o f Washed Soils . . . . . . . . . 4 -4

4 . 2 BACKGROUND DATA . . . . . . . . . . . . . . 4 - 5
4 . 2 . 1 Groundwater Analysis . . . . . . . . . . 4 - 5
4 . 2 . 2 Surface a n d Surficial Analysis . . . . . 4 -5
4 . 2 . 3 Surface Water a n d Sediments . . . . . . . 4 -5
4 . 2 . 4 On-Site Airborne Concentrations . . . . . 4- 10

4 . 3 EXPOSURE ASSESSMENT . . . . . . . . . . . . 4-10
4 . 3 . 1 Sources o f Impact . . . . . . . . . . . . 4-11
4 . 3 . 2 Routes o f Constituent Transport . . . . . 4-11
4 . 3 . 3 Summary . . . . . . . . . . . . . . . . . 4-11

5 .0 RESTRICTED WORK AREAS . . . . . . . . . . . . . 5 - 1
5 . 1 ACCESS CONTROL POINTS . . . . . . . . . . . 5 - 1
5 .2 CONTAMINATION REDUCTION ZONE (CRZ) . . . . . 5 - 1

009486



5 . 3 EXCLUSION ZONE . . . . . . . . . . . . . . . 5 - 1
6 . 0 MEDICAL SURVEILLANCE . . . . . . . . . . . . . . 6 - 1

6 . 1 GENERAL . . . . . . . . . . . . . . . . . . 6 - 1
6.2 BASELINE AND ANNUAL HEALTH ASSESSMENT . . . 6-1
6 . 3 SUPPLEMENTAL EXAMINATION . . . . . . . . . . 6 - 1
6 . 4 BIOASSAY PROGRAM . . . . . . . . . . . . . . 6 - 1

7 . 0 MONITORING PROGRAM . . . . . . . . . . . . . . . 7 - 1
7 . 1 MONITORING RATIONALE . . . . . . . . . . . . 7 - 1

7 . 1 . 1 Operations Involving Potential Exposure . 7-1
7 . 1 . 2 Health and Safety Plan - General Population 7-1

7 . 1 . 2 . 1 Limiting Interactions . . . . . . 7 - 3
7 . 1 . 2 . 2 Perimeter Monitoring . . . . . . 7 - 3
7 . 1 . 2 . 3 Perimeter Action Levels . . . . . 7 -3

7 . 1 . 3 Personnel Monitoring . . . . . . . . . . 7 - 4
7 . 2 INSTRUMENTATION . . . . . . . . . . . . . . 7 - 4

8.0 PERSONNEL PROTECTIVE APPAREL AND EQUIPMENT . . . 8-1
8 . 1 APPAREL SELECTION . . . . . . . . . . . . . 8 - 1
8 .2 TASK SPECIFIC PPE GUIDELINES . . . . . . . . 8 -8

8 . 2 . 1 Site Preparation . . . . . . . . . . . . 8 - 88 . 2 . 2 Well Drilling . . . . . . . . . . . . . . 8 - 9
8 . 2 . 3 Soil Sampling . . . . . . . . . . . . . 8-10
8 . 2 . 4 Extraction Well Pilot Test . . . . . . . 8-11
8 . 2 . 5 Trench Drain Pilot Test . . . . . . . . . 8-12
8 . 2 . 6 Soil Washing Pilot Test . . . . . . . . . 8-13
8 . 2 . 7 Water Treatment Pilot Test . . . . . . . 8-148 . 2 . 8 Capping o f Washed Soils . . . . . . . . . 8-15

8 . 3 PROTECTIVE CLOTHING/EQUIPMENT . . . . . . . 8-16
8 . 3 . 1 Hand Protection . . . . . . . . . . . . . 8-16
8 . 3 . 2 Body Clothing . . . . . . . . . . . . . . 8-168 . 3 . 3 Respiratory Protection . . . . . . . . . 8-16
8 . 3 . 4 Foot Protection . . . . . . . . . . . . . 8-16
8 . 3 . 5 E y e a n d Face Protection . . . . . . . . . 8-17
8 . 3 . 6 Head Protection . . . . . . . . . . . . . 8-17
8 . 3 . 7 Noise Protection . . . . . . . . . . . . 8-17

8 . 4 HEAT STRESS . . . . . . . . . . . . . . . . 8-17

ii

009487



8 . 4 . 1 Causes a n d Preventative Measures . . . . 8-18
8 . 4 . 2 Physiological Responses . . . . . . . . . 8-19
8 . 4 . 3 Heat Stress Monitoring and Work CycleManagement . . . . . . . . . . . . . . . 8-21

9 . 0 RESPIRATORY PROTECTION . . . . . . . . . . . . . 9 - 1
9 . 1 MEDICAL REQUIREMENTS . . . . . . . . . . . . 9 - 1
9 . 2 RESPIRATOR SELECTION . . . . . . . . . . . . 9 - 1
9 . 3 RESPIRATOR TRAINING . . . . . . . . . . . . 9 - 2
9 .4 RESPIRATOR F I T TESTING . . . . . . . . . . . 9 -2
9 . 5 RESPIRATOR ASSIGNMENT . . . . . . . . . . . 9 - 2
9.6 RESPIRATOR CLEANING, INSPECTION, MAINTENANCE, AND

SANITIZATION . . . . . . . . . . . . . . . . 9 - 2
9.7 GENERAL CONSIDERATIONS AND LIMITATIONS FOR

RESPIRATOR U S E . . . . . . . . . . . . . . . 9 - 3
1 0 . 0 TRAINING REQUIREMENTS . . . . . . . . . . . . 10-1

10 . 1 GENERAL . . . . . . . . . . . . . . . . . 10-1
1 0 . 2 GENERAL SITE WORKERS . . . . . . . . . . . 10-1
1 0 . 3 MANAGERS AND SUPERVISORS . . . . . . . . . 10-2
1 0 . 4 VISITORS . . . . . . . . . . . . . . . . . 10-2
1 0 . 5 ONGOING HEALTH AND SAFETY TRAINING . . . . 10-2
1 0 . 6 RECORD KEEPING . . . . . . . . . . . . . . 10-3
1 0 . 7 HAZARD COMMUNICATION PROGRAM . . . . . . . 10-3

1 0 . 7 . 1 Warning Labels . . . . . . . . . . 10-3
1 0 . 7 . 2 Hazardous Materials List . . . . . 10-3
1 0 . 7 . 3 Employee Information and Training . 10-3

1 0 . 7 . 3 . 1 Information to Employees . . . 10-3
1 0 . 7 . 3 . 2 Material Safety Data Sheets; . . 10-4
1 0 . 7 . 3 . 3 Employee Protection Training . 10-5

1 1 .0 CONTAMINATION CONTROL PROCEDURES . . . . . . . 11-1
11 . 1 SITE ACCESS CONTROL . . . . . . . . . . . 11-1
1 1 .2 DECONTAMINATION . . . . . . . . . . . . . 11-1

iii

009488



1 1 . 2 . 1 Personal Protective Apparel and Equipment 11-2
1 1 . 2 . 2 Decontamination of Vehicles, Tools and WorkEquipment . . . . . . . . . . . . . . . 11-7
1 1 . 2 . 3 Personnel Decontamination and Personal

Hygiene . . . . . . . . . . . . . . . . 11-7
1 2 . 0 HAZARDOUS WORK PERMITS . . . . . . . . . . . . 12-1
1 3 . 0 FORBIDDEN PRACTICES . . . . . . . . . . . . . 13-1
1 4 . 0 AS LOW AS REASONABLY ACHIEVABLE POLICY . . . . 14-1
1 5 . 0 THE BUDDY SYSTEM . . . . . . . . . . . . . . . 15-1
1 6 . 0 GENERAL SITE SAFETY PROCEDURES . . . . . . . . 16-1

16 . 1 HEAVY EQUIPMENT OPERATION . . . . . . . . 16-1
1 6 . 2 MECHANICAL EQUIPMENT OPERATION . . . . . . 16-1
1 6 . 3 ELECTRICAL HAZARDS . . . . . . . . . . . . 16-2
1 6 . 4 HOUSEKEEPING . . . . . . . . . . . . . . . 16-4
1 6 . 5 FIRE PREVENTION AND PROTECTION . . . . . . 16-5

1 6 . 5 . 1 Fire Prevention . . . . . . . . . . . . 16-5
1 6 . 5 . 2 Fire Protection (Also See Appendix E) . 16-51 6 . 5 . 3 Definitions . . . . . . . . . . . . . . 16-6

1 7 . 0 CONFINED SPACES . . . . . . . . . . . . . . . 17-1
17 . 1 PERSONAL PROTECTIVE EQUIPMENT . . . . . . 17-1
1 7 . 2 EMERGENCY LIGHTING . . . . . . . . . . . . 17-1
1 7 . 3 ENVIRONMENTAL TESTING . . . . . . . . . . 17-1
17 . 4 VENTILATION AND/OR EXHAUST . . . . . . . . 17-2
1 7 . 5 RECORD KEEPING REQUIREMENTS . . . . . . . 17-2
1 7 . 6 FIRE PROTECTION . . . . . . . . . . . . . 17-3
1 7 . 7 COMMUNICATIONS . . . . . . . . . . . . . . 17-4

IV

009489



LIST OF APPENDICES

APPENDIX PAGE
A Medical Surveillance Program A-l
B Hazard Communication: Job Site Checklist and MSDS'sB-1
C Emergency Assistance Agencies and Contacts C-l
D Emergency Route to LBJ General Hospital D-l
E Types and Uses of Fire Extinguishers E-l
F Air Monitoring Action Levels F-l
G Spill/Volatile Emissions Release Contingency Plan G-l
H Respirator Cleaning and Maintenance Program H-l

009490



LIST OF FIGURES
FIGURE
2-1 Health and Safety Organization 2-2
3-1 Project Location Map 3-2
5-1 Restricted Work Zones 5-2
7-1 Air Monitoring Data Sheet 7-2
8-1 Level "A" Protection 8-3
8-2 Level "B" Protection 8-4
8-3 Level "C" Protection 8-5
8-4 Level "D" Protection 8-6
8-5 Noise Exposure Survey Form 8-10

11-1 Decontamination Layout for Level A Protection 11-4
11-2 Decontamination Layout for Level B Protection 11-5
11-3 Decontamination Layout for Level C Protection 11-6
11-4 Location of Existing Decon Area 11-7

VI

009491



LIST OF TABLES ^ONOTABLE TITLE PAGE O
4-1 Groundwater Concentrations 4-6
4-2 Soil Concentrations 4-7
4-3 Surface Water and Sediment Concentrations 4-8

vn

009492



1 .0 INTRODUCTION
This Worker Health and Safety Plan (WHSP) has been developed toprovide the practical health and safety framework for the proposed
soil and groundwater remediation at the South Cavalcade Site in
Houston, Texas. The Health and Safety Plan incorporates, as aminimum, the contractor's corporate health and safety program and
is intended to provide minimum procedural arid equipment
requirements for protection of workers on site. Special
requirements, not included in this plan, will be developed as
Health and Safety Plan Revision Guides or Health and Safety Plan
Revision Requests/Notices. Health and Safety Plan Revision Guides
and Requests shall have concurrence of the Health and SafetyManager (HSM) , as appropriate, prior to initiation of the work
tasks.
Health and Safety Plan Revision Notices originate in the field by
the Site Health and Safety Officer (SHSO) and require no home
office concurrence. Health and Safety Plan Revision Requestsoriginate in the field by the SHSO and require home office approval
by the HSM. Health and Safety Plan Revision Guides originate in
the home office will become attachments to the Health and Safety
Plan.
Strict adherence to this plan by all persons on site is required.
All operations on the South Cavalcade site shall be conducted incompliance with federal, state, and local requirements using
recognized, prudent practices or procedures determined necessary by
the HSM.
Corporate instruments and project health and safety procedures have
been incorporated to supplement this health and safety plan. These
are essential elements of the overall health and safety program
that provide detailed guidance for performing health- and safety-
related activities.
The HSM and the SHSO will implement each section of this health and
safety plan as it applies to the operations undertaken.
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2.0 STAFF ORGANIZATION. RESPONSIBILITIES. AUTHORIZATION AND
QUALIFICATIONS

The Contractor's Health and Safety Services is responsible for theevaluation and coordination of project health and safety. This
includes evaluating all data and field performance functions that
may impact health and safety, appointing SHSOs as needed,
implementing and modifying this health and safety plan. Quality
Assurance (QA) may audit field operations to determine compliance
with Health and Safety requirements. Appendix C gives the names
and phone numbers for both site and home office personnel
responsible for health and safety. Notification to Beazer by theContractor of individuals selected for various positions will take
place after the RD Contractor is selected but prior to start of
field work. Beazer will then notify EPA of these individuals. The
SHSO shall report to the HSM. All appointments of SHSOs must be
approved by the HSM or his designee. Health and safety authoritylies in a chain of command headed by the HSM, maintained in the
field by the site health and safety officer (SHSO) . The health and
safety responsibilities, authorities, and qualifications of these
individuals are discussed in this section. An organization chart
is shown in Figure 2-1 .

2.1 PROJECT MANAGER (PM)
The Project Manager has overall responsibility for the project and
he or she must ensure that adequate staff and resources are
available to conduct an effective health and safety program and
emergency response program. The PM is also responsible for
enforcing health and safety requirements at the site.

2.2 HEALTH AND SAFETY MANAGER (HSM)
The Health and Safety Manager is responsible for ensuring the
development and implementation of an effective health and safety
program which includes quality procedures for handling emergency
conditions. He is responsible for ensuring that the project
provides an adequate budget for equipment and qualified personnel
to implement the program. He will audit and enforce cill health andsafety requirements and be familiar with federal, state, and,local
regulations as well as the contractor's policies and procedures.
The responsibilities of the HSM include the following:

2-1
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Figure 2-1
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OAct as the primary contact for health and safety matters O
between the client and the contractor.
Perform field inspections of health and safety related
operations to check conformance with this plan.
Investigate reports of incidents or accidents andofficially report findings.
Assist in hazardous waste site training as necessary.
Supervise the SHSO.
Develop any new safety protocols and procedures necessary
for new field operations.
Resolve major outstanding health and safety issues which
arise during field operations.
Provide internal review and approval of health and safety
plans.
Audit key aspects of health and safety program.

The authority of the HSM or his representative shall include the
following:

Approve the health and safety qualifications of employeesto fill designated roles on-site.
Approve project health and safety plans.
Establish employee training and medical surveillanceprotocols.
Stop work at site if health and safety conditions warrant.
Temporary suspension of an individual from fieldactivities for infractions of this plan,, pending an
evaluation by the SHSO and HSM.

2.3 SITE HEALTH AND SAFETY OFFICER (SHSO)
The SHSO is responsible for the administration and implementation
of the health and safety program at the site. He will coordinate
site health and safety activities with the Project Manager (PM) and
report to the HSM. Responsibilities of the SHSO include:

To remain present on-site during all field activities to
enforce compliance with this plan.

2-3
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Conduct daily on-site safety briefings for all site
personnel.
Verify that communication systems are in place.
Manage health and safety equipment (respirators,
instruments, boots, gloves, suits) used at the site.
Establish work/rest regimen in conjunction with site
manager.
Conduct emergency response provisions in conjunction with
local authorities (hospital, fire, police).
Monitor and inspect health and safety conditions during
the site work.
Fill out Accident/Injury Reports when necessary.

• Maintain a site safety log to record air monitoring
results, weather conditions, employees on site, safetyproblems, and similar information.
Oversee the setup, inspection, and execution of
decontamination.
Transmit to the project manager originals of all Health
and Safety records generated at the site.
Provide the fire department and hospital with information
regarding the planned operations.
Report health and safety violations to the HSM.
Stop work if conditions are determined unsafe.
Remove (or have removed) any individuals not complying
with this plan.

2.4 EMERGENCY RESPONSE TEAM
The Emergency Coordinator, SHSO, and other designated and trained
by the Emergency Coordinator or SHSO, shall respond at the site in
the event of an emergency. The SHSO shall initiate a detailed fireprevention and protection training program.
Supervisors are responsible for maintaining a constant awareness of
the fire potential in their area of responsibility and scheduling
specific training for aspects of fire prevention and protection
unique to that area.
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3.0 SITE BACKGROUND O
A brief historical background of the South Cavalcade site is given
in Section 1 of the "Detailed Statement of Work for the SouthCavalcade Site," Bechtel Environmental, Inc., May 1990. General
location of the site is shown in Figure 3 . 1 . A detailed site map
showing routes to the hospital is shown in Appendix D.
A remedial investigation (RI) was conducted by Keystone
Environmental Resources (Keystone) for Koppers Company, Inc.(Koppers) in mid-1988. During the RI, four general areas of the
site were found to have elevated levels of residual organics and
PAH concentrations above the defined remedial goals. Residualcreosote tars and oil stains were found in the top 6 ft of surface
(0 - 0.5 ft) and surficial ( 0 . 5 - 6.0 ft) soils.
Current and past operations at this site have impacted soils and
the upper aquifer and intermediate discontinuous zone under a
portion of the site. Groundwater sampling during the RI indicated
that the shallow aquifer was impacted (approximately 6 to 20 feet
below grade). The main constituents of concern are polynuclear
aromatic hydrocarbons (PAHs) associated with creosote wood
preserving operations. Elevated levels of these constituents were
also found in the intermediate discontinuous sand lenses
(approximately 50 feet below grade). Two areas of affected
groundwater exist at the site as defined in the RI; one in the
southern portion and one in the northern portion of the site.
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4.0 HAZARD ANALYSIS O
This section describes the potential hazards and routes of exposure
associated with the remedial design activities at the SouthCavalcade Site and the respective risks to site personnel and the
public.
4.1 POTENTIAL HAZARDS TO SITE WORKERS
This section describes the potential hazards and routes of exposure
associated with the project tasks to the on-site workforce.

4 . 1 . 1 Site Preparation (Facilities. Utilities. Fencing)
Site preparation includes potentially dangerous tasks such as
excavation of soil. These tasks may involve the handling of
impacted materials. Other tasks, such as the removal of
vegetation, generally involve the use of dangerous tools. Hazards
associated with these tasks include:

Heat or cold stress
Fire
Potential exposure to dangerous chemicals and/or
biological environments
Noise
Safety hazards associated with heavy equipment
Encountering buried or overhead utilitiesElectrocution
Falling trees

Site preparations activities have a very low potential for exposure
to the constituents of concern since activities take place outside
the exclusion zone. However, there is a potential for exposure to
constituents of concern. The possible routes may include exposure
through skin contact with soil, ingestion of soil and inhalation of
soil emissions.

4 . 1 . 2 Soil Sampling Activities
Characterization includes sampling of various media. Drilling
operations at a site are often involved and could include the
following hazards:

Heat or cold stress
Fire
Potential exposure to dangerous chemicals and/or
biological environments
Noise
Safety hazards associated with heavy equipment
Encountering utilities such as electrical conduits.
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There is the potential for exposure to the constituents of concern
during the soil sampling activities. The possible routes can be
through skin contact with the soil or groundwater, splashing of the
groundwater into eyes, ingestion of the soil or groundwater, or
inhalation of soil emissions. The exposure potential will be
minimized through the use of the proper personal protective
equipment for the task.

4 . 1 . 2 Well Dril l ing
Wells may be impacted with site constituents. Several of these
materials may create a hazardous environment during the drilling
and installation of groundwater wells. Hazards associated with the
tasks include:

Heat or cold stress
Potential exposure to dangerous chemicals and/or
biological environments
Noise
Encountering buried utilities
Spillage of materials with risk of migration to
uncontrolled areas.

There is the potential for exposure to the constituents of concern
during Well Drilling. The possible routes can be through skin
contact with the groundwater or soil, splashing of the groundwater
into eyes, ingestion of the groundwater or soil, or the inhalation
of emissions from impacted soil or groundwater. The exposurepotential will be minimized through the use of the proper personal
protective equipment for the task.

4 . 1 . 4 Extraction Well Pilot Test
Wells may be impacted with site constituents. Several of these
materials may create a hazardous environment within the head space
of the well and/or in the general work area. Hazards associated
with the tasks include:

Heat or cold stress
Potential exposure to dangerous chemicals and/or
biological environments
Noise
Encountering buried utilities
Spillage of materials with risk of migration to
uncontrolled areas.

There is the potential for exposure to the constituents of concernduring the Extraction Well Pilot Test. The possible routes can be
through skin contact with the groundwater, splashing of the
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groundwater into eyes, ingestion of the groundwater, or the
inhalation of emissions from impacted soil or groundwater. The
exposure potential will be minimized through the use of the proper
personal protective equipment for the task.

4 . 1 . 5 Trench Drain Pilot Test
The excavation of the trench for the test and the flushing
activities during the pilot test may present the following hazards:

Heat or cold stress
Uncovering and handling of buried containers
Potential exposure to dangerous chemicals, and/or
biological environments
Encountering buried utilities
Cave-in and sluffing associated *rith excavation
Safety risks associated with the operation of heavy
equipment.
Conf ined space entry
Noise exposure
Spillage of materials with the risk of migration to
uncontrolled areas .

There is the potential for exposure to the constituents of concern
during the Trench Drain Pilot Test. The possible routes can be
through skin contact with the soil or groundwater, splashing of the
groundwater into eyes, ingestion of the soil or groundwater, or
inhalation of soil or groundwater emissions. The exposure
potential will be minimized through the use of the proper personal
protective equipment for the task.

4 . 1 . 6 Soil Washing Pilot Test
The soil washing pilot test will consist of the multi-stage washing
of the soils with the highest concentrations of potentially
carcinogenic PAH ' s . The operations involved with the pilot test
may have the following hazards present:

Heat or cold stress
Potential exposure to dangerous chemicals, and/orbiological environments
Safety risks associated with the operation of heavy
equipment
Noise exposure
Spillage of materials with the risk of migration to
uncontrolled areas.

There is the potential for exposure to the constituents of concern
during the Soil Washing Pilot Test. The possible routes can be
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through skin contact with the soil or groundwater, splashing of thegroundwater into eyes, ingestion of the soil or groundwater, orinhalation of soil or wash water emissions. The exposure potential
will be minimized through the use of the proper personal protectiveequipment for the task.

4 . 1 . 7 Water Treatment Pilot Test
The water treatment pilot test will consist of the treatment of the
water from the previous three pilot tests: the groundwater
extraction well pilot test, the trench drain pilot, test, and the
effluent from the soil washing pilot test. Hazards that may be
associated with the treatment and/or handling of the water:

Heat or cold stress
Potential exposure to biological environments
Safety risks associated with the operation of heavy
equipment

• Noise exposure
• Spillage of materials with the risk of migration to

uncontrolled areas.
There is the potential for exposure to the constituents of concern
during the Water Treatment Pilot Test. The possible routes can be
through skin contact with the groundwater, splashing of the
groundwater into eyes, ingestion of the groundwater, or the
inhalation of groundwater emissions. The exposure potential will be
minimized through the use of the proper personal protective
equipment for the task.

4 . 1 . 8 Capping of Washed Soils
A cap will be installed to cover the areas that have been
remediated. Hazards associated with the installation of the cap
may include:

Heat or cold stress
Safety risks associated with the operation of heavy
equipment
Noise exposure

Capping of the Washed Soils will have a very low potential for
exposure to constituents of concern since activities take place
after the areas have been remediated. However, there is a
potential for exposure to constituents of concern. The possible
routes of exposure include skin contact and ingestion of the soil.
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4.2 BACKGROUND DATA
This section presents the existing background data for each media
of concern at the site.

4 . 2 . 1 Groundwater Analysis

A total of 55 samples were analyzed from two rounds of sampling of
shallow groundwater from 20 wells installed during the Remedial
Investigation and nine well installed during previous studies.
These wells were installed in the shallow zone at depths between 17
and 57 feet.
Analysis of the shallow groundwater samples showed the presence of
PAHs, NAPLs, and inorganics. No detection levels of any of these
constituents were found in deep (2 10 - 221 ft . ) monitoring wells.
Table 4-1 summarizes the maximum chemical concentrations found in
the shallow groundwater.

4 . 2 . 2 Surface and Surficial Analysis
Surface and surficial soils comprise the top six feet of soil at
the South Cavalcade Site. Surface soils are defined to be in the
upper 0.5 foot. Surface and surficial soils approximately
delineate the unsaturated soils of the vadose zone.
Soil staining showing potential residual organic concentrations was
seen at 15 of 139 auger boring locations and at 29 of 82 soil
boring locations. Based on observations at these locations, a
surficial soils quality map was developed to show the approximate
aerial distributions of both surface and surficial visual soil
staining.
Table 4-2 summarize the maximum chemical soil concentrations of
samples analyzed for specific parameters taken from 0-6 feet and
6 feet and deeper.

4 . 2 . 3 Surface Water and Sediments
A total of 18 surface water samples were collected in drainage
ditches which border the site and are within the property limits.
Data from these samples are shown in Table 4 -3 . Surfeice water data
indicate that no PAH compounds were detected, while volatile
organics (acetone and methylene chloride) were detected at two
sample locations. However, these two compounds are believed to be
due to laboratory cross-contamination. Several metals weredetected in surface water samples (arsenic, zinc, lead, iron,
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copper, and nickel), with only arsenic exceeding the maximumcontaminant level (MCL) .
Five sediment samples were collected and chemically analyzed fromthe drainage ditches. PAH components were detected in each sample,
with concentrations ranging from 2.3 mg/kg to 236 mg/kg. The
highest PAH concentration was detected in the southern end of the
site and is apparently related to trucking activity there.
Volatile organic compounds were also found, but were limited to
acetone and methylene chloride, typical laboratory solvents.
Detected sediment metal concentrations at all of the on-site sample
locations were similar to background condition.
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TABLE 4-1
GROUNDWATER CONCENTRATIONS <D OO

Contaminant
Arsenic
Chromium
Copper
Lead
Zinc
Benzene
Ethylbenzene
Toluene
Xylenes
Acenaphthylene
Acenaphthene
Anthracene
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(-b&k)f luoranthene
Benzo(g , h, i)pyrene
Chrysene
Dibenzo(a, h)anthracene
Fluoranthene
Fluorene
Ideno(l, 2, 3-cd)pyrene
2-Methylnaphthalene
Naphthalene
Phenanthrene
Pyrene
Total PAHs
Carcinogenic PAHs

Maximum
Concentration

522
450

1 , 3 4 0
260

1 , 1 80
9 3 0
4 7 0

1 ,000
1 , 1 0 0

610
2 , 6 0 0 , 0 0 0

5 5 0 , 0 0 0
5 0 0 , 0 0 0

570
1 , 2 0 0

100

2 , 6 0 0 , 0 0 0
1 , 8 0 0 , 0 0 0

nd
1 , 3 0 0 , 0 0 0
7 , 1 0 0 , 0 0 0
4 , 9 0 0 , 0 0 0
1 , 9 0 0 , 0 0 0

2 1 , 9 5 0 , 0 0 0
5 0 0 , 0 0 0

( 1 ) units of micrograms per liter

Federal
and StateStandards

50
50

1 , 0 0 0
50

5 , 0 0 0
5

680
2 , 0 0 0

4 4 0

(2)

0 . 0 0 3

BAT
Monthly
DischargeLimits y

1 , 1 10
1 , 4 5 0

320
1 , 0 5 0

57
142

28

19
19
19
19
20
19
19
22
19

19
19
20

(3)

(4)

final and proposed primary and secondary drinking water
standards except for 10 . # risk level for carcinogenic PAHs
Based on organic chemical, plastics, and synthetic fibers
effluent guidelines for physical/chemical treatment
nd = not detected
Note: All PAHs exceed the solubility constraint; data shows

presence of non-aqueous phase liquid
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TABLE 4-2
SOIL CONCENTRATIONS (1) Oo

Contaminant
ArsenicChromiumCopper
Lead
Zinc
AcenaphthyleneAcenaphthene
Anthracene
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(-b&k)fluoranthene
Benzo(g, h, i)pyrene
Chrysene
Dibenzo(a, h)anthracene
Fluoranthene
Fluorene
Ideno(l, 2, 3-cd)pyrene
2-Methylnaphthalene
Naphthalene
Phenanthrene
Pyrene
Total PAHs
Carcinogenic PAHs

Maximum Concentration
Above 6 Ft. Below 6 Ft.

9
10

5
30

3 , 4 8 0
nd(3)

440
560
340
210
290

77
310
na

1 , 6 0 0
490
nd
68

950
2 , 1 0 0
1 , 2 0 0
8 , 5 6 7
1 , 150

28
47
20
45

250

570
240

93
nd
61
nd
76
nd

420
440
nd

780
1 , 9 0 0

940
280

5 , 0 2 0
230

Health Based
Levels(Z)

300
> 5 0 0 , 0 0 0
>500 ,000

4 2 0 , 0 0 0
>500 ,000

91

( 1 )
(2)

(3)

units of mg/kg unless otherwise noted
based on risk calculations for commercial exposure equal to
the reference dose or 10 cancer risk
na = not analyzed? nd = not detected
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TABLE 4-3
SURFACE WATER AND SEDIMENT CONCENTRATION1

ooO
oo

Drainage
Ditch

Contaminant Water
Arsenic 56
Chromium nd
Copper 17
Lead 30
Zinc 140
Benzene nd
Ethylbenzene nd
Toluene nd
Xylenes nd
Acenaphthylene nd
Acenaphthene nd
Anthracene nd
Benzo(a)anthracene nd
Benzo(a)pyrene nd
Benzo(-b&k)fluoranthene nd
Benzo(g, h, i)pyrene nd
Chrysene nd
Dibenzo(a, h)anthracene nd
Fluoranthene nd
Fluorene nd
Ideno(l, 2, 3-cd)pyrene nd
2-Methylnaphthalene nd
Naphthalene nd
Phenanthrene ndPyrene nd
Total PAHs nd
Carcinogenic PAHs nd

Drainage
Ditch
Sediments

30
360

89
540

3 , 3 0 0
nd
nd
nd
nd
nd
nd
nd

5 . 6
30
59
41
10
nd
32
nd
30
nd
nd
nd
44

236
170

Aquatic
Water
Standards

360
2 , 4 5 0

28
139
167

3 2 , 0 0 0
1 7 , 5 0 0

1 , 7 0 0

(2 )

3 , 9 8 0

680

CD

(2)

C 3 >

units of rag/kg for sediments, micrograms/1 for water
based on Texas water quality standards for acute toxicity,
and federal ambient criteria for those contaminants for which
there are no state standards
na = not analyzed; nd = not detected
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4 . 2 . 4 On-Site Airborne Concentrations
Two phenolic compounds were observed upwind of the site at
concentrations equaling or exceeding downwind levels and at levels
typical of the Houston area. No site related compounds were found.

4 . 3 EXPOSURE ASSESSMENT
An exposure pathway is a route a constituent may take to reach a
susceptible receptor. In order for an exposure pathway to be
complete, three factors must be present: (1) a source of impact
(2) a route of constituent transport, and (3) a receptor that may
be exposed to the constituents of concern.
Both the mode of exposure to environmental constituents and its
duration influence resulting impacts. Primary modes of exposure
include ingestion, inhalation, and dermal contact. Ingestion may
occur either directly through drinking or eating impacted food and
water, or indirectly through recreational and other uses of
impacted water. Inhalation exposure results from breathing ambient
air that has become impacted through volatilization, release of
gas-phased constituents or entrainment of airborne respirable
particulates. Since the size range for "respirable" particulates
is very restricted, the physical size of the particulates as well
as their chemical characteristics is important in determining the
importance of the exposure.
Dermal exposure may result from direct contact with impacted water,
soil, or other material. It also may involve indirect contact such
as transfer of constituents from original sources to clothing and
fixtures with subsequent skin contact.
Exposure durations are separated into two main classes: acute and
chronic. Acute exposure involves single incidents or episodic
frequency of short duration, and high concentrations of
constituents . Chronic exposure implies long-term (months and
years) continuous exposure, frequent intermittent exposure, or
lifetime exposure (40 to 70 years) to low concentrations.
The potential for acute inhalation or dermal exposure is low at
this site. Acute ingestion potential is also low at the Cavalcade
Site. Chronic ingestion is the major exposure route at the site
and is most likely to result from drinking impacted water.
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4 . 3 . 1 Sources of Impact
The apparent sources of impact at the Cavalcade Site lie primarily
in the northeast and south to southeast region.
4 . 3 . 2 Routes of Constituent Transport
Constituent transport paths for potential exposure of human and
environmental receptors in the vicinity of the Cavalcade Site are
as follows:

Precipitation and infiltration that leaches constituents
of concern from surface deposition areas with subsequent
off-site migration. Paved impacted areas reduce thepotential for this type of exposure.
Direct deposition in the groundwater with subsequenttransport.
Direct contact with drainage sediment: resulting inadsorption, inhalation, and ingestion.
Direct contact with surface soils resulting in
adsorption, inhalation, and ingestion.

• Direct contact with the groundwater resulting in
adsorption and ingestion.

Exposure to site constituents via the above pathways is a concern
because some of the chemicals are potential carcinogens ( i . e . ,
benzene, arsenic, and benzo (a) pyrene) or are otherwise
potentially hazardous to humans (xylenes, toluene, and other
metals).
4 . 3 . 3 Summary
Based on present site conditions and data collected, potential
receptors in the vicinity of Cavalcade Site include:

• On-site field investigation workers who may come into
contact with or cause the release of volatiles in the
soil ( e . g . , drillers, surveyors).

• Persons who may come into contact with impacted sediments
in the stream.

The most likely on-site hazard is dermal exposure to constituents
of concern in the soils and inhalation of chemical constituent if
surface materials are disturbed.
The most susceptible receptors are considered to be site
trespassers and field investigation personnel. Potential health
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impacts are low in this exposure mode primarily because of the time
required to produce chronic effects.
Hazards associated with the site materials result from potential
for exposure to the chemical constituents on-site. Chemical and
physical consequences from acute or chronic exposures may include
skin disorders, blood abnormalities, central nervous system damage,
liver damage, edema, chemical asphyxiation, cancer and death.
Potential pathways into the body (exposure routes) include
inhalation, skin absorption and ingestion. The chemical substances
and the concentrations present in groundwater, soils and surface
water and sediments are provided in Tables 4- 1 , 4-2 , 4-3 ,
respectively.
Material Safety Data Sheets (MSDS) and other technical data (See
Appendix B) for each identified chemical shall be on-site and used
in training as required by the Hazard Communication Standard (see
Section 1 0 . 7 ) .
The degree of risk to personnel depends on the type of hazard,
amount of material encountered, and the manner in which it is
contacted.
Engineering and/or administrative controls and/or personnelprotective equipment will be used to minimize exposure to site
related chemicals. Work plans shall specify engineering controls
to be used to reduce or eliminate exposure to harmful substances
whenever practicable. The HSM and SHSO will identify
administrative controls and specify personnel protective apparel
and/or equipment to be provided and used when engineering controls
cannot reduce airborne levels to below permissible limits or when
the potential for exposure to constituents of concern exists.
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5.0 RESTRICTED WORK AREAS
Restricted work areas will be established to control access and
operations where exposure to hazardous materials may occur.
Physical features of the site and designated boundaries shall be
incorporated into the design of restricted work areas. These
restricted areas will be determined by the level of constituents ofconcern present and the potential for exposure. Figure 5-1 shows
the restricted work areas to be used.
Daily modification to the work zones will be performed as the work
progresses. Restricted work areas and support zones will be
established for each pilot test. These zones will be expanded orreduced as required by the work activity to each pilot test.
5.1 ACCESS CONTROL POINTS
Access control points shall be established for each of the
project's designated restricted areas. These shall be maintained
to control all ingress and egress from the restricted area and be
designed to minimize personnel and vehicular traffic in the area,and control the spread of impacted materials into clean areas.
These control points are subject to relocation according to the
methods and work areas being used.

5.2 CONTAMINATION REDUCTION ZONE (CRZ)
A CRZ is the transition area between the impacted area and the non-
impacted area. The CRZ is designed to reduce the probability that
the clean "support zone" will become affected by other site
hazards. Decon procedures take place in a designated area within
the CRZ called the "contamination reduction corridor."

5.3 EXCLUSION ZONE
The exclusion zone is the area in which impact by the constituents
of concern does or could occur. Personnel shall have a special
objective for entering the zone. Personnel Protective Equipment
(PPE) requirements may vary from area to area within the exclusion
zone. The PPE required will depend on the activity being performed
and the level of constituents of concern encountered.
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Restricted Work Zones
Figure 5-1
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6.0 MEDICAL SURVEILLANCE
6.1 GENERAL
Personnel required to work in restricted work areas shall undergo
a baseline medical evaluation meeting the contractor's criteriabefore participating in on-site operations.
The purpose of the medical surveillance program is to (1) assess
the individual's health prior to work with impacted materials, (2)determine suitability for work assignments requiring the use of
personal protective clothing and equipment, and (3) monitor for
evidence of changes in medical indicators that could be related to
the work. This assessment will investigate existing conditions
that would predispose the employee to illness upon exposure to site
related substances or from the physical demands exhibited while
using personal protective equipment, such as respirators and
protective clothing. A physician's statement, certifying that the
employee is physically fit to work in a restricted area, shall be
received by the SHSO before the employee begins to work.

6.2 BASELINE AND ANNUAL HEALTH ASSESSMENT
All personnel subject to occupational exposure at the site will be
required to have had a medical assessment within the past twelve
( 12 ) months prior to the beginning of field operations.
The baseline and annual health assessment shall include a complete
medical, family and occupational history; physical examination;
selected biological sampling; laboratory studies including a
complete blood count (CBC ) ; urinalysis; chemistry panel (SMAC) ;
pulmonary function testing (FEV1 and FVC) ; audiometry; and vision
screening. Optional tests shall include a chest X-ray (PA ) ; and
electrocardiogram. Other tests deemed appropriate by the examining
or consulting physician may be performed after consultation with
the contractor.

6.3 SUPPLEMENTAL EXAMINATION
Any worker exposed to potentially harmful levels of site related
materials shall undergo a supplemental examination if deemed
appropriate by the examining or consulting physician.

6.4 BIOASSAY PROGRAM
Bioassay analysis may be conducted as described in the Medical
Surveillance Program (Appendix A) . Special bioassays for non-
radioactive heavy metals and organic materials may be collected by
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the SHSO as directed by the HSM and the consulting occupational JQ
health physician based on the potential for employee exposure. «o

OSamples will be collected and analyzed by recognized, standard O
procedures. Routine and special samples shall be collected as
directed by the HSM and the physician. Results shall be reviewed
by the HSM and physician.
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7.0 MONITORING PROGRAM
7.1 MONITORING RATIONALE
Personal and area monitoring strategies will be developed to ensure
the identification of areas and work activities for which
engineering controls and/or personal protection are required.
(Figure 7- 1 ) Appendix F contains a set of guidelines for the
selection of Personal Protective Equipment (PPE) based on the
monitoring results from direct reading instruments. Monitoring
shall be conducted to confirm that the levels of protection
provided by the PPE and engineering controls are adequate to
protect the worker, the environment, and the public.
Personal protective equipment shall be mandatory for tasks
involving potential for exposure(s) unless monitoring results
indicate that protection is not required.
Monitoring will include assessments of airborne constituents in
work areas and at the site boundary. Direct reading monitoring
instruments that will be used on site will include an Organic Vapor
Analyzer (P ID) and a Respirable Dust Monitor. Equipment adequate
to meet monitoring needs shall be available, properly calibrated,
and controlled.
7 . 1 . 1 Operations Involving Potential Exposure
Typical operations for which personnel monitoring (described in
section 7 . 1 . 3 ) will be required include:

Excavation of impacted material
Soil testing
Groundwater sampling
Soil washing
Water treatment
Groundwater recovery

7 . 1 . 2 Health and Safety Plan - General Population
For the purpose of this plan, the "general population" will be
defined as those individuals not associated with the field
activities but in the proximity to these activities.
The Health and Safety Plan for these groups consist of:

1. Limiting the potential interaction with these groups; and
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2. Instituting a system of "Perimeter Action Levels" based
on air monitoring of the specific field activity, whereby
organic vapor concentrations at the perimeter of work
area are closely monitored to dictate health and safety
actions.

7 . 1 . 2 . 1 Limiting Interactions
Visitors to the site will be required to report to a field
headquarters and sign a visitors log book prior to entering the
site. Depending on the purpose of the visit and the areas of the
site to be visited, the SHSO or his/her designee will determine
what personal protective equipment is required to be worn by the
visitor.
7 . 1 . 2 . 2 Perimeter Monitoring
A survey will be taken at least hourly during the active movement
of any impacted material, whether waters or soils. The survey will
include perimeter points and work areas. A photoionization detector
(PID) calibrated with isobutylene will be used to monitor both the
perimeter and the work area. Locations used for data acquisition
will be documented and indicated on a dated site layout drawing in
such a manner that the information can be related to the operations
in progress. Documentation of the pre- and post-use calibration of
the PID, according to the manufacturer's directions, isobutylene
calibration standards will be maintained by the SHSO.

7 . 1 . 2 . 3 Perimeter Action Levels
When field personnel observe a sustained organic vapor reading in
excess of 10 ppm (above background) as measured in the workers
breathing zone, field personnel will take another measurement
downwind at the field activity perimeter. Instruments will be read
manually rather than to rely on unattended systems. The
instruments used will be equipped with an alarm with the alarm set
point triggering at 10 ppm. During active operations, readings
will be taken and documented hourly; more often if the SHSO
determines that the conditions or the task increases the potential
for elevated readings.
The following responses will be initiated dependent upon the
sustained organic vapor reading (based on a PEL of 10 ppm for
naphthalene which is the most volatile material present):

- < 10 ppm above background: Notify Project Manager and
keep him/her apprised of status. Continue to work.
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10
10 ppm above background: Alert field personnel in the ^
vicinity. Require MSHA/NIOSH approved respirators with O
OV/AG/HEPA cartridge filters on all personnel downwind of
the work area if they are to continue to work downwind.
Instrument readings will be taken downwind to document
readings, but the level of respiratory protection will
not be downgraded until the workplace readings drop below
10 ppm. Monitor at the perimeter on a continuous basis
until the condition has subsided.
50 ppm or greater above background: Suspend all field
activities, notify Project Manager. If concentrations
greater than 100 ppm above background persist after the
operations are suspended, the SHSO will notify the
Project Manager and the source of the organic vapor will
be investigated. Appropriate actions will be determined
and acted upon on a case by case occurrence by Beazer
East Inc. , and its contractor.

Extensive weather monitoring will not be required ori-site. Wind
socks will be placed in the vicinity of each Exclusion Zone to
provide wind directional information to the personnel working in
the immediate area. If the wind direction should change, then the
locations for the downwind perimeter readings will be moved to
compensate for the new wind direction.

7 . 1 . 3 Personnel Monitoring
Air quality monitoring will be performed to measure worker
exposure. Within the work area, organic vapor measurements and
dust monitoring (when visual observations indicate the need) at the
breathing zone will be used as an indication of airborne
contaminant levels. P ID ' s and a dust monitor will be used to
gather real-time data. Action levels have been established and
responses to those action levels have been devised.
7.2 INSTRUMENTATION
The HSM and SHSO shall ensure that an adequate supply of monitoring
equipment is available before the start of work. The SHSO shall
ensure that the instruments are used only by persons with training.
To help evaluate potential health hazards at the site, the SHSO
shall supervise the use of monitoring equipment (action levels are
listed in Appendix F) such as the following:

Photoionization Detector (PID) - This instrument shall be
calibrated and operated according to the manufacturer's
specifications. The instrument shall be calibrated at
least daily.

7-4

009519



oCN

Respirable Dust Monitor - This instrument shall be
calibrated and operated according to the manufacturer's
specifications. The instrument shall be calibrated at
least daily.
High-flow air sampling pumps - These instruments shall be
calibrated according to the manufacturer's specifications
and federal, state or local regulatory requirements.
Personnel air sampling pumps - These instruments shall becalibrated before and after each use and according to
federal, state and local regulatory requirements.
Draeger detector tube assembly - This instrument shall be
leak-checked daily or before each use as needed.

A copy of calibration records shall be maintained by the SHSO for
all instrument calibrations performed by manufacturers and other
parties. Calibration data shall be recorded on field data
collection forms. Air sampling pumps shall be calibrated with
primary standards or pre-calibrated secondary standards before and
after each use to ensure accuracy in determining samples air
volumes.
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8.0 PERSONNEL PROTECTIVE APPAREL AND EQUIPMENT g

OThe specific PPE that will be used includes, but is not limited to:
- White hooded regular Tyvek coveralls
- Work boots worn with protective rubber overshoes

Eye protection goggles whenever there is potential for
exposure to flying objects and dust

- Safety helmets (hard hats) and glasses to be worn by all
workers at all times
Ear plugs or ear muffs for protection against noiselevels exceeding permissible limits
Full-face negative pressure respirators
Rubber gloves

A modified level D using protective coveralls, boots and gloves
should be sufficient for most activities. Personal protective
equipment (PPE) levels may be up or downgraded based on monitoring
and surveillance results. PPE levels will be immediately increased
by the SHSO should monitoring results indicate the need. The HSM
will be consulted before downgrading the level of PPE for a
particular area or activity.
Site work zones will be set up to determine the level of PPE to be
worn in each area on site. Exclusion zones will require the use of
PPE. Different levels of PPE may be required in different areas of
the exclusion zone, depending on types and levels of constituents
of concern. Areas and boundaries of work zones will change as work
progresses. Updated copies of the work zones shall be posted and
all site personnel made aware of them.
Additional controls will include providing laundered, clothcoveralls and a change room for employees working on-site. Toilet
facilities and a lunch-room outside the restricted area will also
be provided. Good hygiene practices will be enforced. Engineering
controls will be employed for the reduction of materials released
to the atmosphere. These controls may include water for dust
control and limiting the area exposed if necessary.
8.1 APPAREL SELECTION
The protective apparel and equipment requirements for personnelworking in restricted work areas shall be determined by the SHSO
after consultation with the HSM or his designee.
Site workers will initially utilize modified Level D protection.
As work progresses, it is expected that full Level C protection may
be necessary. Variations in site conditions ( e . g . , excavation
locations) and monitoring conducted by the SHSO will determineupgrades or downgrades of PPE requirements. Personal protective
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ONOequipment will be based on four levels of protection (Levels A O

through D). Equipment used shall be recognized by other approving
authorities ( i . e . , NIOSH, NRC, NFPA, e t c . ) . The level of
protection shall be based on the type of chemical material, its
concentration and toxicity and the potential for exposure through
ingestion, inhalation, skin absorption, direct contact, splash, or
impact. The levels of protection are described below.
LEVEL A - Provides the highest available level of respiratory,skin, and eye protection.

Required equipment includes a pressure-demand, full-
facepiece SCBA or pressure-demand supplied-air respirator
with escape SCBA, fully-encapsulating, chemical-resistant
suit, inner chemical-resistant gloves, chemical-resistantsafety boots/shoes, and an intrinsically safe two-way
radio, to be worn inside the suit (Figure 8 - 1 ) .

LEVEL B - Provides the same level of respiratory protection as
level A, but less skin protection.

- Required equipment includes a pressure-demand, full-
facepiece SCBA or pressure-demand supplied-air respirator
with escape SCBA, chemical-resistant clothing (overalls
and long sleeved jacket; hooded one-, or two-piece
chemical-resistant splash suit; disposable chemical-
resistant one-piece suit), inner and outer chemical-
resistant gloves, chemical-resistant boots/shoes, hard
hat, and two-way radio (Figures 8 - 2 ) .

LEVEL C - For use when the substance(s) and concentration(s) are
known and the criteria for using air purifying respirators can be
met. Level C provides the same level of skin protection as level
B, but a lower level of respiratory protection.

Required equipment includes a full-facepiece, air-
purifying canister-equipped respirator, chemical-
resistant clothing (overalls and long sleeved jacket;
hooded, one-, or two-piece chemical-resistant splash
suit; disposable chemical-resistant one-piece suit),
inner and outer chemical-resistant gloves, chemical-
resistant boots/shoes, hard hat, and two-way radio
(Figure 8 - 3 ) .

LEVEL D - Provides no respiratory protection and minimal skin
protection (Figure 8 - 4 ) .
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LEVEL A

FIGURE 8-1 LEVEL A - POSITIVE PRESSURE SCBA, CHEMICALLY
RESISTANT ENCAPSULATED SUIT, INNER AND OUTER
GLOVES, AND TWO-WAY RADIO
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LEVEL B

oo

FIGURE 8-2 LEVEL B - POSITIVE PRESSURE SCBA, HOODED
DISPOSABLE COVERALLS, RUBBER BOOTS, GLOVES, AND
RADIO (ALL CONNECTING POINTS SHALL BE TAPED)
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LEVEL C

FIGURE 8-3 LEVEL C - NEGATIVE PRESSURE RESPIRATOR,
DISPOSABLE COVERALLS, RUBBER BOOTS, GLOVES,
AND HARD HAT
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LEVELD

FIGURE 8-4 LEVEL D - HARD HAT, SAFETY GLASSES,, AND SAFETY
SHOES/BOOTS g_g

009526



r-<NunoôRequired equipment includes standard work clothes or O
coveralls, safety boots/shoes, safety glasses or chemical
splash goggles, and a hard hat. An escape mask is
optional, to be used if there is a potential for a sudden
release of vapors that would force personnel to evacuate
the area.

Any of the levels of protection can be modified to include other
protective equipment in addition to the required equipment for the
specified level of protection. For example, Level D protection can
be increased to a modified Level D by adding chemical-resistant
gloves and chemical-resistant clothing. Since the equipment does
not satisfy the minimum required equipment for Level C, this typeof upgrade in protection will be referred to as modification of the
lower level.
PPE can reduce the possibility of contact with site-related
constituents materials, but it should be used in conjunction with
proper site entry protocols and other safety considerations. No
single combination of protective apparel is capable of protectingagainst all hazards. The use of protective apparel and equipment
can create significant hazards ( e . g . , heat/cold stress; physical
and psychological stress; impaired vision, mobility and
communications, e t c . ) . For any given situation, apparel and
equipment should be selected to provide a level of protection
commensurate with the degree of potential hazard. Over-protection,
as well as under-protection, can be hazardous a.nd should beavoided.
Protective apparel and equipment should be selected using the
following criteria:

Permeability, degradability, penetrability
Heat/cold transfer characteristics
Durability
Flexibility
Temperature effectsEase of decontamination
Compatibility with other equipment

• Duration of useSpecial conditions (fire, explosion, electrical,
radiation and confined spaces)
Value (thermal insulation value)

Generally, a modified Level D protection will be worn in restricted
work areas. This level of protection will be upgraded ifmonitoring indicates a more stringent control is required.
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00CS8.2 TASK SPECIF IC PPE GUIDELINES £ >
8 . 2 . 1 Site Preparat ion - Mobi l izat ion including the setup of faci l it ies. ^

uti l it ies
Primary Level of Protec t ion : Level D
Contingency Level of Protect ion : Modified D
Type of Work : Non-Intrusive
Schedule: To be determined

Personnel Protect ion -- Engineering Controls
Well illuminated environment

Personal Protect ion -- Administrative Controls
1. No work in electrical storms
2. Operator Training3. Initial a i r monitoring

Personnel Protect ive Equipment
Level D (Primary)

1. Respiratory Protect ion: None
2. Protect ive Clothing: Standard work clothes3. Head & Eye/Ear Protect ion: Hard hat/safety glasses/ear

plugs, when required4. Foot Protect ion: Work shoes
5. Hand Protect ion: Work gloves

COMMENTS: The SHSO will determine the level of protection based oninstrumentation and site condit ions.
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8 . 2 . 2 Well Dri l l ing m

O^
Primary Level of Protect ion: Modified D Q
Contingency Level of Protect ion : Level C
Type of Work : Intrusive
Schedule: To be determined

Personnel Protect ion -- Engineering Controls
Well illuminated environment

Personal Protect ion -- Administrative Controls
1. Hazardous waste site training2. No work in electrical storms
3. Medically qualified
k. Respirator qualified
5. A i r monitoring
6. Operator Training
7. Establ ish control area and control points

Personnel Protect ive Equipment
Modified Level D (Primary)

1. Respiratory Protect ion: None
2. Protective Clothing: Coveralls
3. Head & Eye/Ear Protect ion: Hard hat/safety glasses/ear

plugs, when required4. Foot Protect ion: Chemical resistant boots
5. Hand Protect ion: Nitrile inner & outer gloves

COMMENTS: The SHSO will determine the level of protection based oninstrumentation and site conditions.
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om8 . 2 . 3 Soi l Sampling - Character izat ion activities which include the sampling l r )

of various med ia . ^
OPrimary Level of Protect ion : Modif ied D

Contingency Level of Protect ion: Level C
Type of Work : Intrusive
Schedule: To be determined

Personnel Protect ion -- Engineering Controls
Well illuminated environment

Personal Protect ion -- Administrative Controls
1. Hazardous waste site training
2. No work in electrical storms
3. Medically qualified
4. Resp irator qualified
5. A i r monitoring
6. Operator Training
7. Establ ish control area and control points

Personnel Protect ive Equipment
Modified Level D (Primary)

1. Respiratory Protection: None
2. Protective Clothing: Coveralls
3. Head & Eye/Ear Protection: Hard hat/safety glasses/ear

plugs, when required4. Foot Protect ion: Chemical resistant boots
5. Hand Protect ion: Nitrile inner & outer gloves

COMMENTS: The SHSO will determine the level of protection based oninstrumentation and site conditions.
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8 . 2 . 4 Extract ion Wel l Pilot Test CN

Primary Level of Protect ion: Level D
Contingency Level of Protect ion: Modif ied D
Type of Work : Intrusive
Schedu le : To be determined

Personnel Protect ion -- Engineering Controls
Well illuminated environment

Personal Protection -- Administrative Controls
1 . Operator Training2. Initial a ir monitoring

Personnel Protect ive Equipment
Level D (Primary)

1 . Respiratory Protect ion: None
2. Protect ive Clothing: Standard work clothes
3. Head & Eye/Ear Protect ion : Hard hat/safety glasses/ear

plugs, when required4. Foot Protect ion: Work shoes
5. Hand Protect ion : Work gloves

COMMENTS: The SHSO will determine the level of protection based oninstrumentation and site conditions.
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<Nro. 2 . 5 Trench Drain Pi lot Test i/->
ON

Primary Level of Protect ion : Level D ®
Contingency Level of Protect ion : Level C
Type of Work : Intrusive
Schedu le : To be determined

Personnel Protect ion -- Engineering Controls
Well illuminated environment

Personal Protect ion -- Administrative Controls
1. Hazardous waste site training2. No work in electrical storms
3. Medical ly qualified
4. Respirator qualified
5. A i r monitoring
6. Opera tor Training
7. Establ ish control area and control points

Personne l Protect ive Equipment
Level D (Primary)

1 . Respiratory Protect ion: None
2. Protect ive Clothing: Coveralls
3. Head & Eye/Ear Protect ion: Hard hat/safety glasses/ear

plugs, when required4. Foot Protect ion: Work boots
5. Hand Protect ion: Work gloves

COMMENTS: The SHSO will determine the level of protection based on
instrumentation and site condit ions.
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8 . 2 . 6 Soi l Washing Pi lot Test ^

Primary Level of Protect ion : Level D O
Contingency Level of Protect ion: Level C
Type of Work: Intrusive
Schedule: To be determined

Personne l Protect ion -- Engineering Controls
Well illuminated environment

Personal Protect ion -- Administrative Controls
1. Hazardous waste site training
2. No work in electrical storms
3. Medically qualified
4. Respirator qualified
5. A i r monitoring
6. Operator Training
7. Establ ish control area and control points

Personnel Protect ive Equipment
Level D (Primary)

1. Respiratory Protect ion: None
2. Protect ive Clothing: Coveralls
3. Head & Eye/Ear Protection: Hard hat/safety glasses/ear

plugs, when required4. Foot Protection: Work boots5. Hand Protect ion: Work gloves
COMMENTS: The SHSO will determine the level of protection based on
instrumentation and site conditions.
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108 . 2 . 7 Water Treatment Pi lot Tes t ON
O

Primary Level of Protect ion: Level D ^
Contingency Level of Protect ion : Level C
Type of Work: Intrusive
Schedule : To be determined

Personnel Protect ion -- Engineering Controls
Well illuminated environment

Personal Protec t ion -- Administrative Controls
1 . Hazardous waste site training
2. No work in electrical storms
3. Medically qualified
4. Resp irator qualified
5. Ai r monitoring
6. Operator Training
7. Establ ish control area and control points

Personnel Protect ive Equipment
Level D (Primary)

1. Respiratory Protect ion: None2. Protect ive Clothing: Coveralls
3. Head & Eye/Ear Protect ion: Hard hat/safety glasses/earplugs, when required4. Foot Protect ion: Work boots
5. Hand Protect ion: Work gloves

COMMENTS: The SHSO will determine the level of protection based oninstrumentation and site conditions.
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8 . 2 . 8 Capping o f Washed Soi ls Q^

OPrimary Level of Protect ion : Level D O
Contingency Level of Protect ion: Modified D
Type of Work : Non-Intrusive
Schedule: To be determined

Personnel Protect ion -- Engineering Controls
Well illuminated environment

Personal Protect ion -- Administrative Controls
1 . Operator Training
2. Initial air monitoring

Personnel Protect ive Equipment
Level D (Primary)

1. Respiratory Protect ion: None
2. Protect ive Clothing: Standard work clothes
3. Head & Eye/Ear Protect ion: Hard hat/safety glasses/ear

plugs, when requiredU. Foot Protect ion: Work shoes
5. Hand Protect ion: Work gloves

COMMENTS: The SHSO will determine the level of protection based oninstrumentation and site conditions.
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8.3 PROTECTIVE CLOTHING/EQUIPMENT in
ONoItems specified below are intended to allow the SHSO the O

flexibility to provide a range of protection based upon actual
working conditions. The SHSO shall ensure that all field workers
have the following clothing/equipment available for their use as
required.
8 . 3 . 1 Hand Protection
To protect hands and arms from chemical contact, impermeable gloves
shall be used as integral, attached, or separate items from other
protective clothing. Latex gloves or N-Dex Nitrile gloves will be
used as an inner glove. Outer gloves will be medium length nitrile
gloves.
8 . 3 . 2 Body Clothing
Various types of body clothing are designed to prevent contact with
the body by chemical substances. Poly-coated Tyvek coveralls shall
be used for most work; however, the following clothing typically
will be available on-site:

Chemical protective tyvek suits
Rain suits

Acid suits shall be used in place of tyvek coveralls when working
in areas where there is contact with acids or caustics (pH less
than or equal to 3 and greater than or equal to 9) .
8 . 3 . 3 Respiratory Protection
Respiratory protection is discussed in Section 9 . 0 . The cartridges
that will be used with the air purifying respirators shall be NIOSH
approved organic vapor/acid gas/HEPA cartridges.

8 . 3 . 4 Foot Protection
Work boots shall be worn to protect feet from contact with
chemicals, compression, crushing or puncture. Foot covers, made of
a variety of materials, protect boots from contact and protect feet
from chemicals. Foot covers may be disposable.
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8 . 3 . 5 Eye and Face Protection O-_j——————————————————— ^
i/->a^

Employees shall wear approved eye protection ( i . e . , safety glasses, o
goggles, face shield, etc . ) when they are exposed to:

Flying objects
• Dust

Chemicals
Face shield and chemical splash-proof goggles shall be worn when
the face and eyes are vulnerable to acidic or caustic material, or
as directed by the SHSO.
8 - 3 . 6 Head Protection
Safety helmets (hard hats ) , helmet liners, hoods and protective
hair coverings shall be used to protect the head from impact,
chemical splashes and entanglement of hair in machinery or
eguipment. Industrial safety hard hats shall be worn by all
workers at all times, except in designated areas.
8 . 3 . 7 Noise Protection
When noise levels exceed acceptable levels, as specified in 29 CFR
1 9 10 .95 engineering controls shall be used to reduce the exposures.
If this cannot be done, approved protective equipment ( i . e . , ear
plugs, ear muffs, etc . ) shall be provided and its use enforced by
the SHSO.
8.4 HEAT STRESS

Stress can contribute significantly to accidents or harm workers in
other ways.
The term stress denotes the physical (gravity, mechanical force,
heat, cold, pathogen, injury) and psychological (fear, anxiety,
crises, joy) forces that are experienced by individuals. The
body's response to stress occurs in three stages:

Alarm reaction in which the body recognizes the stressor and
the pituitary-adreno-cortical system responds by increasing
the heart rate and blood sugar level, decreasing digestive
activity, and dilating the pupils.
Adaptive stage in which the body repairs effect of
stimulation and the stress symptoms disappear.
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oornExhaustive stage in which the body can no longer adapt to ^
stress and individual may develop emotional disturbances, and O
cardiovascular and renal diseases. °

One of the most common types of stress that can affect field
personnel is heat stress. Current thinking is that heat stress may
be the most serious hazard to workers at remedial sites.
8 . 4 . 1 Causes and Preventative Measures
Heat stress usually is a result of protective clothing decreasing
natural body ventilation and therefore cooling; however, it may
occur at any time work is being performed at elevated temperatures.
If the body's physiological processes fail to maintain a normal
body temperature because of excessive heat, a number of physical
reactions can occur ranging from mild (such as fatigue,
irritability, anxiety, and decreased concentration, dexterity, or
movement) to fatal. Because heat stress is one of the most common
and potentially serious illnesses that site workers encounter,
regular monitoring and other preventative measures are vital.
Site workers must learn to recognize and treat the various forms of
heat stress.
The best approach is preventative heat stress management. In
general:

Have workers drink 16 ounces of water before beginning work,
such as in the morning or after lunch. Provide disposable 4-
ounce cups, and water. Urge workers to drink 1-2 of these
cups every 20 minutes, for a total of 1-2 gallons per day.
Provide a cool, preferably air-conditioned area for rest
breaks. Discourage the use of alcohol in non-working hours,
and discourage the intake of coffee during working hours.
Monitor for signs of heat stress. If an individual has high
blood pressure, they must be monitored more often and take
precautions ( i . e . , drink more water) .
Acclimate workers to site work conditions by slowly
increasing workloads, i . e . , do not begin site work activities
with extremely demanding activities.
Provide cooling devices to aid natural body ventilation.
These devices, however, add weight, and their use should be
balanced against worker efficiency. An example of a cooling
aid is long cotton underwear which acts as a wick to help
absorb moisture and protect the skin from direct contact with
heat-absorbing protective clothing.
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CO
Install showers and/or hose-down facilities to reduce body
temperature and cool protective clothing.
Ensure that adequate shelter is available to protect
personnel against heat, as well as cold, rain, snow, etc . ,
which can decrease physical efficiency and increase the
probability of both heat and cold stress. If possible, set
up the command post in the shade.
In hot weather, rotate shifts of workers wearing imperviousclothing.
Good hygienic standards must be maintained by frequent
changes of clothing and showering. Clothing should be
permitted to dry during rest periods. Persons who notice
skin problems should immediately consult medical personnel.

8 . 4 . 2 Physiological Responses
One of the most significant physical stresses which could be
encountered by workers is heat stress. Heat stress is a result of
an elevation of body core temperature above 37. C ( 9 8 , . 6. F). As the
result of a temperature imbalance between the body and environment,a net buildup of heat in the body occurs. Heat-related illnesses
include: heat stroke, heat exhaustion, heat cramps and heat rash.
Heat Stroke. Heat stroke is an acute and dangerous reaction to
heat stress caused by a failure of heat regulating mechanisms of
the body — the individual's temperature control system that causes
sweating stops working correctly. Body temperature rises so high
that brain damage and death will result if the person is not cooled
quickly.

Symptoms: Red, hot, dry skin, although person may have been
sweating earlier; nausea; dizziness; confusion; extremely
high body temperature, rapid respiratory and pulse rate;
unconsciousness or coma.
Treatment: Cool the victim quickly. If the body temperature
is not brought down fast, permanent brain damage or death
will result. Soak the victim in cool but not cold water,
sponge the body with cool water or pour water on the body to
reduce the temperature to a safe level ( 102T ) . Observe the
victim and obtain medical help. Do..not give coffee, tea, or
alcoholic beverages.

Heat Exhaustion. Heat exhaustion is a state of very definite
weakness or exhaustion caused by the loss of fluids from the body.
This condition is much less dangerous than heat stroke, but it
nonetheless must be treated.
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Symptoms: Pale, clammy, moist skin, profuse perspiration and
extreme weakness. Body temperature is normal, pulse is weak
and rapid, breathing is shallow. The person may have a
headache, may vomit, and may be dizzy.
Treatment: Remove the person to a cool, air-conditioned
place, loosen clothing, place in a head-low position and
provide bed rest. Consult physician, especially in severe
cases. The normal thirst mechanism is not sensitive enough
to ensure body fluid replacement. Have patient drink 1-2
cups of water immediately, and every 20 minutes thereafter
until symptoms subside. Total water consumption should be
about 1-2 gallons per day.

Heat Cramps. Heat cramps are caused by perspiration that is not
balanced by adequate fluid intake. Heat cramps are often the first
sign of a condition that can lead to heat stroke.

Symptoms: Acute painful spasms of voluntary muscles; e . g . ,
abdomen and extremities.
Treatment: Remove victim to a cool area and loosen clothing.
Have patient drink 1-2 cups of water immediately, and every
20 minutes thereafter, until symptoms subside. Total water
consumption should be 1-2 gallons per day. Consult with
physician.

Heat Rash. Heat rash is caused by continuous exposure to heat and
humid air and aggravated by chafing clothes. The condition
decreases ability to tolerate heat.

Symptoms: Mild red rash, especially in areas of the body in
contact with protective gear.
Treatment: Decrease amount of time in protective gear and
provide powder to help absorb moisture and decrease chafing.

During warm weather, environmental temperatures will be monitored
for all field project activity. American Conference of
Governmental Industrial Hygienists (ACGIH) recommendations will be
followed. Environmental factors are to be measured by the Wet Bulb
Globe Temperature Index (WBGT) . Physiological monitoring will be
instituted if ambient air temperature exceeds 7 0 " F , for workers
outfitted in protective Levels A through C. As a minimum, worker's
body temperature and heart rate measurements may be taken following
guidelines contained in Section 8 . 4 . 3 .
Workers required to wear protective clothing may be required to
adjust work activities according to the work cycle management
schedule (contained in Section 8 . 4 . 3 ) which is based on the
adjusted temperature: (T adj = T actual + 13 X Fraction Sunshine).
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8 . 4 . 3 Heat Stress Monitoring and Work Cycle Management
For strenuous field activities that are part of on-going site work
activities in hot weather, the following procedures may be used to
monitor the body's physiological response to heat and to manage the
work cycle. These procedures may be instituted when the
temperature exceeds 7 0 ° F .
Measure Heart Rate (HR) . Heart rate should be measured by the
radial pulse for 30 seconds as early as possible in the resting
period. The HR at the beginning of the rest period should not
exceed 110 beats/minute for most individuals. The maximum rate is
based on an individual's base rate. Base rates vary across the
population. If the HR is higher, the next work period should be
shortened by 33 percent, while the length of the rest period stays
the same. If the pulse rate still exceeds 110 beats/minute at the
beginning of the next rest period, the following work cycle should
be further shortened by 33 percent. The procedure is continued
until the rate is maintained below 110 beats/minute.
Manage Work/Rest Schedule. The following work/rest schedule may be
used as a guideline:

Adjusted Temperature Active Work Time (min/hr)
______FJ________ Using Level B/C Protective Gear

75 or less 50
80 40
85 30
90 20
95 10

100 0
Calculate the adjusted temperature:

T (adjusted) = T (actual) + (13 X fraction sunshine)
Measure the air temperature with a standard thermometer.
Estimate fraction of sunshine by judging what percent the sun
is out: 100% sunshine = no cloud cover = 1 .0 ; 50% sunshine
= 50% cloud cover = 0 . 5 ; 0% sunshine = full cloud cover
= 0 . 0 .
The work cycle may be reduced or increased according to the
guidelines under heart rate.
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9.0 RESPIRATORY PROTECTION
9.1 MEDICAL REQUIREMENTS
The medical surveillance program as specified in Section 6.0
applies to all prospective site workers. It determines if a worker
is physically qualified for the work, establishes the prospective
worker's present health conditions and determines whether there
would be any limitations on work assignments for that worker.
One of the tests performed during the medical examination to assist
employers in selecting workers is the pulmonary function test.This test is performed by a qualified physician in accordance with
29 CFR 1 9 1 0 . 1 2 0 . This test will include a forced vital capacity
(FVC) measurement, which is the maximum lung capacity expired, and
the forced expiratory volume (FEV : ) , which is the total volume
pushed out of the lungs in one second.
As determined by the examining physician, any failed test during
the medical examination shall disqualify a worker from employment
in a restricted area. No employee shall be assigned to work tasks
that require the use of respirators or other protectiveequipment/clothing that may restrict his/her work performance,
unless he is medically qualified.
9.2 RESPIRATOR SELECTION
Respiratory protection will be determined by the SHSO based on thefollowing criteria:

The estimated concentration is in the range requiring
respiratory protection, as determined by monitoringinformation.
The permissible exposure limit (PEL) , threshold limit
value (TLV) , short-term exposure limit (STEL) , ceiling
value or maximum permissible concentration (MPC) for the
substance may be exceeded.
The substance is a gas, vapor, mist, dust or fume.
The substance concentration could be termed immediately
dangerous to life or health (IDLH - contact the CIH for
consultation and direction).
The warning properties ( i . e . , irritation, odor, etc.) of
the chemical substances are unacceptable.

Respirator approval is granted by NIOSH via test certification (TC)
numbers. Only NIOSH approved equipment will be accepted. Allcomponent and replacement parts must also have NIOSH approval. In
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addition, respirators are approved as a system. No disposable
respirators will be used.

9.3 RESPIRATOR TRAINING
The requirements for training are discussed in Section 1 0 . 0 .

9.4 RESPIRATOR FIT TESTING
Each individual who must wear a respirator shall be required to beclean shaven in the sealing areas of the respirator face piece.
Each respirator user shall be qualitatively respirator fit tested
at least every six months. Upon donning the respirator device or
before entering any restricted work area, each respirator wearershall be required to perform a negative and positive pressure fit
test. Quantitative fit testing will only be performed when it is
required under 29 CFR 1910.

9.5 RESPIRATOR ASSIGNMENT
Respirators will be assigned on an individual basis. Respiratorsshould be marked with the employee's name or identification numberif the respirator is to be reused by the same employee.

9.6 RESPIRATOR CLEANING, INSPECTION, MAINTENANCE, SANITIZATION,
AND STORAGE

Respirators that are used either occasionally or daily shall becleaned, sanitized, inspected, assembled, and maintained ready for
use on a daily basis. Each respirator will be sanitized and storedin a clean and sanitary container. Parts that require inspectioninclude the valves, valve covers, nose piece, straps, eye piece(for full-face respirators), the face piece and its snaps,cylinders, and canisters. The individual responsible for thecleaning, inspecting, sanitizing, maintaining, and storing ofrespirators will be trained and certified as required in the proper
methods and procedures. The specific procedure for the cleaning andmaintenance of respirators is shown in Appendix H.
Each respirator user shall store his/her respirator in a clean,
sealed plastic bag when not in use, unless it has been determinedthat the respirator is damaged or is returned at the end of itsuse. If a respirator becomes damaged, the respirator will be
replaced with a clean and sanitized respirator. The respiratorwearer shall inspect it for defective parts and leaks.
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9.7 GENERAL CONSIDERATIONS AND LIMITATIONS FOR RESPIRATOR USE
The following criteria will be followed:

Oxygen Defic ient Atmospheres - atmosphere supplying
respirators (such as SCBA ' s or air-line systems with
escape bottle) shall be used in atmospheres containing
less than 1 9 . 5 percent oxygen.
Immediately Dangerous to Life or Health Atmospheres (IDLH)
- atmosphere supplying respirators (such as SCBA' s or air-
line systems with escape bottle) shall be used in
environments that are immediately dangerous to life or
health.
Eye irritation - when working in environments where there
is a potential for eye irritation, a full face piece unit
shall be used.
Nuisance dust - any approved filter respirator can be used
for nuisance dusts.
Warning Properties of Substance - chemical cartridge
respirators shall not be used for exposures* to substances
that cannot be easily detected by odor or irritations.
For example, cartridge respirators shall not be used to
protect against methyl chloride or hydrogen sulfide. The
former is odorless and the latter, while foul smelling at
low concentrations, will paralyze the olfactory nerve
system at high concentrations rendering odor detection
unreliable.
Chemical cartridges will be used only for those substances
and the concentrations for which they are certified.
Chemical cartridges or canisters used for particular
substance will be color coded according to 29 CFR
§ 1 9 1 0 . 1 3 4 Table 1-1 as follows:
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Substance(s)
To Be Protected Against

100>oo
Color Assigned

Acid gases White
Organic vapors Black
Ammonia gas Green
Carbon monoxide gas Blue
Acid gases and organic vapors Yellow
Acid gases, ammonia and organic vapors Brown
Acid gases, ammonia, carbon monoxide

and organic vapors Red
Other vapors and gases not listed above

(pesticides but not for fumigants) Olive
Radioactive materials (except tritium

and noble gases) Purple
Dusts, fumes and mists (other than

radioactive materials) Orange
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1 0 . 0 TRAINING REQUIREMENTS g
10 . 1 GENERAL
Personnel working at the site must recognize and understand the
potential hazards to worker's health and safety associated with
work at remedial sites. Workers involved in remedial action must
be thoroughly familiar with programs and procedures contained in
the Health and Safety Program. They must be trained to work
safely.
All site workers shall be trained to work in compliance with 29 CFR
19 10 . 120 ; "Hazardous Waste Operations and Emergency Response" and
29 CFR 1 9 1 0 . 1 2 0 0 ; "Hazard Communication". Each site worker must
have a minimum of 40 hours of hazardous waste site training and 3
days of supervised on-the-job training. Employees will not engage
field activities until they have been trained to a level
commensurate with their job function and responsibilities and withthe degree of anticipated hazard.
1 0 . 2 GENERAL SITE WORKERS
General laborers, technicians, and other supervised personnel will
attend training sessions that apply to their individual jobs and
responsibilities, as well as training sessions that provide an
overview of the site hazards and the means to control those
hazards. Their training will include classroom instruction in thefollowing subject areas, depending on their individual jobs:

• Worker Health and Safety Plan
Employee rights and responsibilities Safe work practices
Nature of anticipated hazards
Handling emergencies and accidents
Rules and regulations for vehicle use
Safe use of field equipment
Handling, storage and transportation of hazardous
materials
Use, care and limitations of personnel protective
clothing and equipment

• Safe sampling techniques
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1 0 . 3 MANAGERS AND SUPERVISORS

On-site managers and supervisors, such as project team leaders, who
are responsible for directing others, will receive the same
training as the general site workers for whom they are responsible.
In addition, they will receive training to enhance their ability to
provide guidance and make informed decisions. This additional
training will be for a minimum of eight hours and should include:

Management of hazardous waste site cleanup operations
Management of site work zones
How to communicate with the press and the public

The health and safety staff with specific responsibilities for
health and safety guidance on-site will be familiar with the
training provided to general site workers and their supervisors.
They will also receive advanced training in health and safety
issues, policies and techniques.
1 0 . 4 VISITORS
Visitors to the site (including project managers and other parties,
elected and appointed officials, reporters, senior-level managers
and other interested parties) must also receive a briefing on
safety. These visitors will not be permitted in the restricted
work areas unless they have been respirator-trained, fit-tested and
medically approved. They, too, are required to have 40 hours of 29
CFR 1 9 1 0 . 1 2 0 training and present their certificate as proof.
Visitors not complying with the above requirements shall not enter
the restricted work areas; however, they may observe site
conditions from a safe area. The SHSO and PM shall see that
visitors to the site are logged in and out, briefed on site
conditions and escorted by a designated person at all times on the
work site. (Also see Section 1 3 . 0 , Forbidden Practices.)
1 0 . 5 ONGOING HEALTH AND SAFETY TRAINING
Weekly health and safety training for all on-site personnel shall
be conducted to reemphasize the salient points of the Health and
Safety Program and existing site conditions and to inform team
members of changing site conditions. Subcontractors, if they
choose, may attend the training sessions/meetings conducted by the
contractor or the subcontractor may conduct their own meetings.
Health and safety training will be documented on appropriate forms.
Contractors conducting their own training sessions will submit
proof of attendance to the SHSO.
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In addition, all employees will receive eight hours of training
annually. This refresher training will be specific for operations
on hazardous waste s ites .
1 0 . 6 RECORD KEEPING
A training record will be maintained in each employee's personnel
file to confirm that adequate training for assigned tasks is
provided and that training is up-to-date.
1 0 . 7 HAZARD COMMUNICATION PROGRAM
The following summary describes the requirements;, procedures,
training and information applicable to this job-site with regard to
hazardous substances. Appendix B contains a Hazard Communication
Job-site Checklist and Material Safety Data Sheets (MSDS) for the
site constituents.
1 0 . 7 . 1 Warning Labels
The warning label system used for hazardous materials is a
nonstandardized system. These labels vary in appearance and
content but they should, as a minimum, contain the followinginformation:

Identity of the hazardous chemical
Appropriate hazard warnings
Name and address of the chemical manufacturer, importeror other responsible party

These warning labels should be read by the employee who uses the
materials. If you do not understand the messages contained on thelabel, do not use the material.
1 0 . 7 . 2 Hazardous Materials List
A list of all hazardous materials used on this project will be
maintained by the SHSO. This list will be updated frequently. An
MSDS for each item on the list will be obtained. The MSDS will be
available for viewing or copying at the Site office. Upon
reasonable notice, employees may receive copies of the MSDS for thehazardous materials located in their work area.
1 0 . 7 . 3 Employee Information and Training
1 0 . 7 . 3 . 1 Information to Employees
Each employee working with potentially hazardous chemicals will
receive specific training for each operation. The specific
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hazardous chemicals associated with each operation cannot be
identified until field operations begin. The materials will not be
available until field procurement begins, so the information will
not be available until that time. The information will be provided
at the site through posting and training. The following format
will be used:
Hazardous operations: At this job-site, the following types of
operations may use hazardous materials:
Examples:

1. Painting - job-site to list paint and related materials.
2. Acid Washes - job-site to list hazardous materials such

as specific acids.
1 0 . 7 . 3 . 2 Material Safety Data Sheets
Material Safety Data Sheet Training: There are nine sections on a
Material Safety Data Sheet. Generic MSDS ' s have been compiled in
Appendix B and are available for personnel to review,. Each section
contains pertinent information that should be understand before
starting to work with a hazardous material. The following
paragraphs discuss each section.

Section I - Identifies the chemical and the source, plus
emergency telephone numbers.
Section II - Lists the hazardous ingredients by name and the
OSHA PEL and the ACGIH TLV.
Section III - Physical Data: This section describes the
appearance and odor of a hazardous material, chemical
characteristics ( e . g . , boiling point, vapor density,
volatility) and other physical data.
Section IV - Fire and Explosion Data: This section
describes the potential of a fire and explosion when using
this material and the type of fire extinguishing and fire
fighting procedures.
Section V - Health Hazard Data: This section tells the
symptoms of over-exposure to the hazardous material. It
also gives emergency and first aid procedures that should be
used.
Section VI - Reactivity Data: This section tells how stable
the product is and lists incompatible materials that should
not come in contact with this material.
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Section VII - Spill or Leak Procedures: This section !£}
addresses the steps to be taken when material is released or ON
spilled. It also describes the waste disposal method. §
Section VIII - Special Protection Information: This section
tells what respirator, gloves, eye protection, and other
equipment is required. Ventilation requirements to prevent
accumulation of gases and vapors within the work area are
also presented.
Section IX - Special Precautions: This section gives
instructions on handling and storage of the hazardous
materials and other precautions necessary for employee
protection.

1 0 . 7 . 3 . 3 Employee Protection Training
The Site Health and Safety Officer, or project superintendent will
specify what safety and monitoring equipment will be used and will
train personnel in its proper use. For each process that uses
hazardous materials, the following will be selected according tothe properties of the hazardous materials:

Measures to take to protect personnel when using thishazardous material
Personal protective equipment to be used

• Monitoring equipment
Appropriate work practices

• Emergency procedures
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1 1 . 0 CONTAMINATION CONTROL PROCEDURES
1 1 . 1 SITE ACCESS CONTROL
A site access control point shall be established for each
restricted area. This access control point shall be maintained to
control all access and egress from the restricted area. The
following controls shall be measured at this point:

An access control register shall be maintained in order to
record the number of individuals in the area.
Any personnel desiring to enter or leave the area shall do
so through the access control point.

A control point shall be established in close proximity to areas of
scheduled on-site work activities. Access to the Exclusion Zones
will be restricted through the use of clearly marked signs, hazard
tape, or physical barriers such as fences or ropes. Access control
points will be established at the periphery of the Exclusion Zones
to regulate the flow of personnel and equipment. Appropriate
personnel protective clothing and equipment shall be issued at this
point based upon specific work activities.
A permanent checkpoint shall be established at the site where
personnel remove personnel protective clothing and equipment and
are surveyed by the SHSO or his designee for chemical
contamination. Neither personnel protective clothing nor equipment
shall be taken past this checkpoint.

1 1 .2 DECONTAMINATION
The decontamination process is used to control the spread of
impacted materials from the restricted area to non-restricted
areas. This is accomplished as personnel and equipment leave the
restricted area by physically removing or chemically neutralizing
the constituents. Decontamination provided in this instruction
covers three categories:

Personnel protective apparel and equipment
Vehicles, tools, materials and miscellaneous equipment
Personnel

Appropriately located decontamination facilities shall be
established for each category in the contamination reduction zone
located between restricted and non-restricted clean areas. Entry
to and exit from the restricted work area shall be limited to these
points.
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1 1 . 2 . 1 Personal Protective Apparel and Equipment
All individuals shall be required to don PPE prior to entering the
restricted work area. These items will be donned at the
decontamination station where previously used PPE is stored. When
exiting work areas , individuals shall enter the decontamination
station with all PPE on. The SHSO shall establish a minimum of one
PPE decontamination station at the site. As a minimum, water,
towels, wash pads, and brushes for scrubbing boots will be
avai lable. Figures 11-1 through 11-3 describe the order and
location of the removal of personal protective clothing and
equipment. Figure 1 1 -4 shows the location of the existing Decon
Area. The existing Decon Pad will be used for the decontamination
of large items. Smaller decon areas will be s«it up at each
Exclusion Zone for the decon of personnel, small items, and the
tires of equipment. The location of the smaller decon areas will be
determined by the SHSO after evaluating the type of equipment,
personnel and duration of the entry into the exclusion zone.
Individuals wearing PPE have the responsibility of decontaminating
their own items. Standing in tubs of water, individuals shall
scrub the outside of boots, gloves and protective suits. These
items will then be rinsed with water. With gloves on, individuals
will then remove boots and protective coveralls and hang up or
secure them in the storage area. Gloves shall then be removed and
stored. Badly soiled or torn PPE shall be deposited in waste cans
at the decontamination station to await final disposal. Boots will
be decontaminated and left on site during the course of the work.
Any wastes generated from decontamination shall be properly
disposed. Respirators shall be worn until the individual exits the
decontamination station.
Respirators shall be individually fitted and assigned. The wearer
shall inspect and clean the respirator with alcohol swipes on a
daily basis, or more often as necessary. Any deficiencies shall be
reported to the SHSO. When not in use, respirators shall be stored
in a clean area, such as the break trailer or individual lockers if
available. Respirators shall be turned in weekly to the SHSO or a
trained designee for a complete inspection and cleaning. If
conditions dictate, respirator maintenance may be performed more
frequently.
Personnel involved in decontamination procedures shall wear
supplied apparel and equipment as directed by the SHSO. Selection
of apparel and equipment shall be based on the degree of hazard
presented by the constituents and the working conditions under
which exposure may occur.
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10o>1 1 . 2 . 2 Decontamination of Vehicles. Tools and Work Equipment oo
Bulldozers, trucks and other heavy equipment are difficult to
decontaminate. This is especially true of equipment which has been
in prolonged contact with impacted materials. Hand tools are less
difficult to clean when wood is not involved. Wood tools shall be
used only by protected workers and should be discarded at theconclusion of site activities.
Decontamination may be accomplished by one or more of the following
methods:

Physically remove gross materials (chunks of mud, etc.)
High pressure water

• Sand blasting
Hot water with steam, using a steam ejector approvedchemical cleaning agents

The process shall be repeated until all visible mud, dirt and
grease are removed. Tires, truck beds and other rough surfaced
equipment may require vigorous scrubbing with brushes. Special
attention shall be given to areas with visible impact. Oil,
grease, or other organic substances deposited on surfaces may
contain entrapped constituents of concern. Application of a
degreaser or detergent solution prior to high pressure water or
steam cleaning will usually be necessary. Each piece of equipment
shall be pressure sprayed a minimum of three times, or until
visually clean as determined by the SHSO. After the final wash, a
sample of the final rinse water may be collected and analyzed for
site-related constituents as required.
Small impacted items may be washed by hand. They may be brushed,
sloshed in a container of water, or sprayed to remove site related
materials if the items will not be damaged by exposure to water.Rags or wipes used for cleaning shall be infolded arid changed often
to avoid the spread of constituents of concern. A final dry wipe
should follow where possible. Alcohol or other approved solvents,
which dry rapidly and with little residue, may be used to clean
items which cannot be safely washed with water.
1 1 . 2 .3 Personnel Decontamination and Personal Hygiene
Site personnel may be subject to potential skin or eye irritation
from various chemicals on-site. An eye wash station and an
appropriate method for decontaminating the skin shall be available
in areas where eye and skin impact may occur from corrosive or
harmful chemicals. Portable eye wash bottles shall be available at
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00«oeach location where corrosive chemicals may be present ( e . g . , ^
washdown facility). oo
Hoses or other water sources for washing skin will be available at
locations where skin contact may occur. Toilet and hand washing
facilities shall also be available near the work sites, but removed
from the impacted areas for sanitary and hygienic purposes.
Proper use of protective equipment should minimize contact with
hazardous substances. If an individual should become physically
impacted, upon exiting the work area, he should remove protective
clothing and wash the affected area of the body with soap and
water. After washing affected areas, the individual shall shower
or flush the affected area with water to complete the
decontamination process. The affected individual shall immediately
contact the SHSO, who shall then determine the need for medical
evaluation.
Individuals who exit decontamination stations should wash their
hands immediately; hands shall be washed before eating. No eating,smoking, drinking, or chewing will be allowed in restricted work
areas. Washrooms shall not be entered by individuals wearing PPE.If the SHSO so determines, individuals will be required to shower
and change into clean clothes before leaving the job-site at the
end of the work day.

11-8

009558



1 2 .0 HAZARDOUS WORK PERMITS O
O

Hazardous Work Permits (HWP) are required for site tasks that
present an unusual health and safety problem ( e . g . , entry into
confined spaces, work in high airborne chemical concentrations, and
work in flammable atmospheres). A careful review of each potential
hazard is to be completed by the SHSO. Normally, the HWP will
address the following:

Medical surveillance
Personnel exposure monitoring program
Adherence to As Low As Reasonably Achievable (ALARA)
guidelines
Respiratory protection
Personal protective equipment and clothing Compliance with
rules regarding prohibited activities Hygiene facilitiesand practices
Employee information and training
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1 3 .0 FORBIDDEN PRACTICES OO
The forbidden practices listed below are applicable to all
restricted areas. In addition, no worker may engage in any
activity for which the consequences of his actions are unclear
without the approval of the SHSO. If such activities become
necessary in order to complete any phase of the work, a Health and
Safety Plan Revision Request or Guide and a HWP properly completed
and approved shall be prepared as an addition to this plan.
The following practices shall be strictly forbidden during any work
in restricted areas:

Eating
Drinking
Smoking (cigarettes and lighters must be left in the cleanarea)

• Chewing gum, tobacco, or any other substa.nces (must be
left in the clean area)
Use of facial cosmetics
Unnecessary sitting or kneeling on impacted surfaces
Placing equipment on impacted surfaces (when practicable)
Climbing on or over obstacles
Starting or maintaining an open flame of any type unless
authorized by the SHSO

• Entering the work site with safety equipment that has not
been determined to be in proper working condition
immediately prior to entry

• Entering the work site, under any circumstances, by any
employee, without prior approval
Contact lenses

In addition to the forbidden practices, the SHSO may impose other
prohibitions which he believes may be required for safe operations.
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1 4 . 0 AS LOW AS REASONABLY ACHIEVABLE POLICY
ON

The contractor's policy is to maintain exposures to chemical §
agents at levels that are as low as reasonably achievable (ALARA).
ALARA is achieved through proper training of employees, adequatework procedures, adequate engineering controls, good personal
hygiene practices and, when required, use of protective equipment.
Each individual working in a restricted area is required to adhere
to established ALARA rules, regulations, and concepts.
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101 5 . 0 THE BUDDY SYSTEM O——————————————— OoThe buddy system is a health and safety practice in which each
individual is concerned with the health and well-being of his/her
fellow workers. The buddy system requires the workers to work in
pairs when in the Exclusion Zone. The buddy system shall be
implemented during all on-site activities and shall be incorporated
whenever workers are isolated. Two-way radio communication should
be established whenever it is practical.
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1 6 . 0 GENERAL SITE SAFETY PROCEDURES
Hazards due to normal site activities can be reduced by using
common sense and following safe practices listed below:

Running and horseplay shall be prohibited.
All equipment shall be used only by authorized personnel
familiar with its use.
Safety devices on equipment shall be left intact and used
as designed.
Equipment and tools shall be kept clean and in good
repair, and used only for their intended purpose.
Good housekeeping practices shall be followed.

• Use of chemicals shall be limited to authorized personnel
familiar with their use and associated hazards.

16 . 1 HEAVY EQUIPMENT OPERATION
Heavy equipment shall be operated under the following conditions:

The operation of heavy equipment shall be limited topersonnel specifically trained in its operation.
The operator shall use the safety devices provided with
the equipment, including seat belts.
While in operation, all personnel not directly required in
the area shall keep a safe distance from the equipment.
Personnel directly involved in an activity shall avoidmoving into the path of operating equipment, or any
portion thereof. Areas blinded from the operator's vision
shall be avoided.
Additional riders shall not be allowed on equipment unless
specifically designed for that purpose.
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1 6 . 2 MECHANICAL EQUIPMENT OPERATION
Operation of mechanical equipment presents another potential sourcefor physical hazards. Requirements shall include the following:

Operation shall be conducted by authorized personnel
familiar with the machine, its operation and safety
provisions.
Hands, feet, etc. , shall be away from all moving parts.
Maintenance and/or adjustments to machinery shall not be
conducted while in operation. Power shall be disconnected
prior to maintaining equipment.
An adequate operating area shall be provided, allowing
sufficient clearance and access for operation.
Good housekeeping practices shall be followed.

1 6 . 3 ELECTRICAL HAZARDS
Electrical wiring and apparatus safety procedures shall be
conducted in accordance with OSHA's standard 29 CFR Part
1 9 1 0 . 1 3 7 ( 2 ) . These requirements include, but are not. limited to:

All electrical wiring and equipment shall be of a type
listed by UL, or Factory Mutual Engineering Corp. for thespecific application.
All installations shall comply with the National
Electrical Safety Code (NESC) , or the National Electrical
Code (NEC) regulations.
All work shall be by personnel familiar with code
requirements and qualified for the class of work to be
performed.
Live parts of wiring or equipment shall be guarded to
protect all persons or objects from harm.
Electric wire or flexible cord passing through work areas
shall be covered or elevated to protect it from damage by
foot traffic, vehicles, sharp corners, or pinching.
Temporary power lines, switch boxes, receptacle boxes,
metal cabinets, and enclosures around equipment shall be
marked to indicate the maximum operating voltage.
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Patched, oil-soaked, worn or frayed electric cords or
cables shall not be used.
Portable headlamps shall be of the molded composition or
other type approved for the purpose. Metal-shell, paper-lined landholders shall not be used. Handlamps shall be
equipped with a handle and a substantial guard over the
bulb that is attached to the lampholder or the handle.
Extension cords or cables shall not be fastened with
staples, hung from nails, or suspended by wire.
All electrical circuits shall be grounded in accordance
with the NEC and the NESC unless otherwise noted in the
reference manuals.
Portable and semi-portable electrical tools and equipment
shall be grounded by a multi conductor cord having an
identified grounding conductor and a multicontact
polarized plug-in receptacle.
Semi-portable equipment, floodlights, and work lights
shall be grounded. The protective ground of such
equipment should be maintained during moving unless supplycircuits are de-energized.
Tools protected by an approved system of double
insulation, or its equivalent, need not be grounded.
Double insulated tools shall be distinctly marked and
listed by UL or FM.
Ground fault circuit interrupters (GFCIs) are required inall circuits used for portable electric tools to includeblock/brick saws. The GFCI shall be calibrated to trip
within the threshold values of 5 ma # 1 ma as specified in
UL Standard 9 4 3 . All GFCIs shall be UL listed and
installed in accordance with the most recent edition of
the National Electric Code. The permanent wiring shall be
electrical circuits grounded in accordance with the NEC.
GFCIs may be sensitive to some equipment such as concrete
vibrators. In these instances, an assured equipment
grounding conductor program is acceptable.
Flexible cord shall be of a type listed by the UL.
Flexible cord sets shall contain the number of conductors
required for the service plus an equipment ground wire.The cords shall be hard usage or extra hard usage as
specified in the NEC. Approved cords may be identified by
the word "outdoor" or letters "WA" on the jeicket.
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Bulbs attached by lighting strings and extension cords ^
shall be protected by wire guards or equivalent unless §
deeply recessed in a reflector. O
Temporary wiring shall be guarded, buried, or isolated by
elevation to prevent accidental contact by workers or
equipment.

1 6 . 4 HOUSEKEEPING
Housekeeping procedures contained herein pertain to uncontaminated
trash, debris, and rubbish.
The following housekeeping rules shall apply at the job-site:

Work areas must be kept clean and free from trash and
debris. Trash containers must be located throughout the
job-site.

• Excess scrap material and rubbish must be removed from the
work areas.
All surplus materials must be returned to a designated
area of the site at the completion of a job.,
Tools and materials must be put in tool boxes or returned
to the tool room after use to avoid creation of a hazardfor others.
Oily rags must be placed in approved non-combustible type
metal containers.
Change rooms and shower areas must be kept clean.
Accumulations of soiled clothes, paper, towels, etc. , are
not permitted.
Toilets, wash-up facilities, and drinking fountains must
be kept clean and sanitary; problems must be reported to
the supervisor.
Eating, drinking, use of tobacco products, chewing gum,
etc. , is permitted only in designated break areas. These
activities are not permitted in change or shower areas,
toilet facilities, etc.

16-4

009566



1 6 . 5 FIRE PREVENTION AND PROTECTION
1 6 . 5 . 1 Fire Prevention
The following rules shall be enforced to prevent fires:

Smoking shall be permitted in designated areas.
Flammable and/or combustible liquids must be handled only
in approved, properly labeled safety cans.
Transfer of flammable liquids from one container to
another shall be done only when the containers are
electrically interconnected (bonded) .

• The motors of all equipment being fueled shall be shut offduring the fueling operation.
Flammable/combustible liquids stored in metal drums will
be equipped with self-closing safety faucets, vent bung
fittings, and drip pans. Such containers shall be stored
outside buildings in an area approved by the SHSO. Suchmetal drums will be properly grounded.

1 6 . 5 . 2 Fire Protection (Also See Appendix E)
The following measures shall be used to protect against fires:

All construction equipment (cranes, bulldozers, drilling
rigs, etc.) will be equipped with a fire extinguisher of10 ABC units.

• All vehicles will be equipped with a fire extinguisher of
5 ABC units or higher.
Temporary offices will be equipped with a fire
extinguisher of 10 ABC units or higher.
At lest one portable fire extinguisher of 20 ABC units
will be located not less than 15 feet, nor more than 75
feet, from any flammable liquid storage area.
Storage areas will be kept free of weeds, debris, and
other combustible material not necessary to the storage
area.
Fire extinguishers of 10 units or higher will be located
in all work areas and their locations be prominentlydisplayed. Fire extinguishers must be so located so that
employees are within 50 feet in either direction to reach
them.
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1 6 . 5 . 3 Definitions
Combustible liquid -any liquid having a flash point at or above
100 'F ( 6 0 * C ) a n d below 2 0 0 ° F ( 9 3 . 4 ' C ) .

Flammable liquid - any liquid having a flash point below100 *F ( 6 0 ° C ) and having vapor pressure
not exceeding 40 pounds; per square
inch (absolute) at 1 0 0 ' F .

Flash point - the temperature at which a liquidgives off vapor sufficient to form anignitable mixture with the air.
Safety can - an approved container of not more thana 5-gallon capacity having a flash-

arresting screen, spring-closing lid
and spout cover, and so designed that
it will safely relieve internal
pressure when subjected to fire
exposure.
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1 7 . 0 CONFINED SPACES
ON

A confined or enclosed space is any space with a limited means of o
exit, and/or which can accumulate harmful or flammable materials or
has an oxygen-deficient atmosphere. Confined or enclosed spaces
include ventilation or exhaust ducts, sewers, underground utility
vaults, tunnels, and open top spaces that are more than four feet
in depth, such as pits, tubs, vessel vaults, and sumps.
Employees required to enter a confined space must be instructed by
their foreman, general foreman, superintendent, or the SafetyDepartment as to the nature of the hazards involved, necessary
safety precautions to be taken, and the emergency and protective
equipment required prior to entry.

17 . 1 PERSONAL PROTECTIVE EQUIPMENT
Necessary rescue and work equipment including life lines,
harnesses, belts, stretchers, mobile cranes or hoist must be
immediately available at all times. Suitable «ye and faceprotection, and protective clothing must be worn by employees
exposed to chemical or physical hazards. Respiratory protection
such as a self-contained breathing apparatus, five-minute air
capsules, or air-line respirators must be provided when required.

1 7 . 2 EMERGENCY LIGHTING
Emergency lighting must be provided at all entrances and exits.
When this is not practical, flashlights must be provided.
Explosion-proof lighting must be used when employees are working in
a potentially explosive atmosphere.

1 7 . 3 ENVIRONMENTAL TESTING
In areas where explosive or toxic air constituents or deficiencies
of oxygen are suspected, the atmosphere must be tested by the
Safety Department or a qualified person to ensure that explosive or
toxic limits are not exceeded, and that the oxygen concentration is
not below 19 . 5 percent. This atmospheric monitoring must be done
within one hour before employees enter the area, unless a permanent
monitor is installed, in which case the area must be monitored once
per shift.
During inert gas welding or other work that could create an oxygen
deficient atmosphere, portable or fixed oxygen analyzers with
visual or audible alarms must be provided in the confined space.
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Any area suspected of being oxygen deficient, or exceeding toxic or *£>
explosion limits must take the following precautions: O

O
Station someone at the entry to stop others from entering
the area.
Promptly report the danger to the Safety Department.
Post appropriate warnings that state, "Area Unsafe - Do
Not Enter."
Ventilate or exhaust with fresh air for 30 minutes.
Recheck before entry.

• Determine and eliminate the problem.
The Safety Department must coordinate the maintenance and
calibration of all monitoring equipment and arrange for adequate
sampling for toxic gases as necessary.

1 7 . 4 VENTILATION AND/OR EXHAUST
Ventilation and/or exhaust must be maintained in all confined or
enclosed areas to avoid concentrations of toxic and hazardous gases
and dusts that exceed prescribed limits.
The person in charge is responsible for assuring proper ventilation
and exhaust before work starts. The Safety Department is
responsible for making appropriate tests and advising the person incharge when the breathing air meets OSHA requirements or when the
confined space is safe for entry.
In areas where adequate ventilation and/or exhaust cannot be
provided, personnel must wear appropriate respiratory protection
and possibly other emergency protective equipment. These unique
work operations will be monitored by the Safety Department.

1 7 . 5 RECORD KEEPING REQUIREMENTS
A hazardous work permit is prepared and signed by the person in
charge before anyone enters the confined space. The Safety
Department then checks that all requirements of this procedure have
been met and approves the permit. The permit consists of a
checklist that includes exits, emergency lighting, toxic gases,
flammable gases, oxygen monitors, fire protection, breathing
apparatus, and emergency equipment.
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A log of all atmospheric sampling in confined or enclosed spaces is ON
maintained by the Safety Department. The log includes the date, §
time, location, 0° and LEL reading, permit number, and the name of
the individual who performed the survey.
Records of all confined-space training is maintained by the Safety
Department. This topic must also be covered in new-hire safety
orientation and when entering special conditions or unusually
confined spaces.

1 7 . 6 FIRE PROTECTION
The following precautions must be taken in confined or enclosed
spaces at all times:

Access ladders, floors, and components that require
protective wrapping must be covered with flame retardant
material.
Flammable liquids ( i . e . , acetone, alcohol, etc.) must be
stored in Underwriters Laboratory or Factory Mutual
approved flammable liquid containers or dispensers; the
amount of flammable liquids must not exceed the amount
necessary to perform the work each day.

• Proper fire extinguishers must be immediately available.
Cylinders containing oxygen, acetylene, or other fuel
gases must not be taken into confined or enclosed spaces.
All rags, brushes, wipes, gloves, etc. , must be stored in
metal containers with lids when not in use.
Current pre-fire plans (evacuation, rescue, equipment,
notification, etc . ) must be in effect. The Safety
Department will maintain current fire plans for the site
fire brigade.
A person must be posted to monitor for fires during all
welding, burning, and heating operations.
Flammable gas equipment, hoses, etc. , must be free of
defects. They must be inspected by the user before each
use.
Combustibles that would be exposed to flames or sparks
must be removed or adequately covered to prevent ignition.
In enclosed spaces the gas supply to the torch valves must
be shut whenever the torch is not used or left unattended,
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such as during the lunch period. During ei shift change
and overnight, the torch and hose must be removed from the
confined space and disconnected at the bottom or manifold.Open end fuel gas and oxygen hoses must be immediately
removed when they are disconnected from the torch or other
gas-consuming device. All gas manifold isolation valves
must be closed at the end of each shift or when the job
duty is completed.

1 7 . 7 COMMUNICATIONS
Communications must be maintained with all personnel in enclosed or
confined spaces, using one or more of the following methods:

• Someone outside the confined space who can see the workers
Someone outside the confined space who can hear the
workers
Telephone - via hard wire

• Two-way radio
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1 .0 PURPOSE
MEDICAL SURVEILLANCE PROGRAM

ON

The purpose of this instruction is to provide criteria for
administration of the Project Medical Surveillance Program.
2 . 0 SCOPE
This procedure applies to all Project personnel who may be exposed
to impacted substances as a result of their work assignments.
3 . 0 DEFINITIONS
Exposure is that condition which may occur when an employee is not
adequately protected from the harmful effects of constituent (s) of
concern. Such substances may cause harm by gaining entry to the
body by inhalation, ingestion, skin absorption or direct contact.
4 . 0 PROCEDURES

A medical surveillance program will be conducted for operations in
accordance with the following procedures.
The examining or consulting physician will be responsible for
determining when an employee may work in a Controlled Area, wear
negative pressure and/or other respiratory protective equipment
( e . g . , full face canister respirator, self-contained breathing
apparatus, e t c . ) , and/or wear stressful protective clothing ( e . g . ,
butyl rubber suits) . The examining physician will be required to
evaluate the individual based on the criteria specified in
Attachment 1. Deviation from this criteria may be done only in
consultation with the Site Health and Safety Officer (SHSO) , the
Health and Safety Manager and a Certified Industrial Hygienist.
4.1 DESIGNATION OF CONTROLLED ACCESS AREAS
Controlled Access Areas shall be designated on site, contractor
personnel shall not be allowed to work in a Controlled Access Area
until the SHSO has received a positive declaration of the
employee's physical fitness from the examining physician.
4.2 BASELINE HEALTH ASSESSMENT
All contractor personnel assigned to work in Controlled Access
Areas shall undergo a Baseline Health Assessment (BHA) unless the
individual already participates in an OSHA 29 CFR 1910. 120 (f)
medical examination program (within the past 12 months) , prior to
commencement or continuation of work. The BHA shall include, as a
minimum, the regime presented in Attachment 1.
1 . 4 . 3 PERIODIC HEALTH ASSESSMENT
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All individuals involved in the medical surveillance program shall
undergo Periodic Health Assessments (PHA) annually, upon cessation
of project work, and/or as directed by the SHSO. For short
duration ( i . e . , less than or equal to six months) projects, the
total BHA should not be repeated upon cessation. Specific exams
that will be repeated include the physician's evaluation, pulmonary
function, and urinary phenol. Additional tests will be based on the
physician's determination, air monitoring results, and exposure
potential assessments. For projects which last longer than sixmonths, the total BHA will be repeated upon cessation. The regime
for the PHA shall include, as a minimum, the BHA criteria, and may
include such additional criteria as deemed necessary by the SHSO
and the examining or consulting physician. Additional requirements
shall be based on documented Potential Exposures.
4 . 4 SUPPLEMENTAL HEALTH ASSESSMENT
Individuals who have sustained a significant body burden or exhibit
symptoms of an actual exposure shall be provided ci Supplemental
Health Assessment ( SHA ) . The SHA will include all tests determined
necessary by the examining physician in consultation with the SHSO,
an Industrial Hygienist, and the Health and Safety Manager. The
initial SHA shall be conducted as soon after the exposure or
demonstration of symptoms as practical. The need for a SHA shall
not supplant emergency treatment if symptoms are debilitating.
4.5 FAILURE TO MEET MEDICAL CRITERIA
The examining or consulting physician shall advise the SHSO and
contractor through the Physic ian's Statement, Attachment 5, of any
employee who fails to meet the criteria for any health assessment
defined i n Sections 4 . 2 , 4.3 or 4.4 o f this procedure. The SHSO
shall notify the contractor employee and his/her Department
Supervisor of the failure to meet such criteria and recommend that
the employee see his/her family physician.
The contractor shall notify its employees of failure to meet
medical criteria.
Any employee who fails a medical health assessment shall be
prohibited from working in Controlled Access Areas. The SHSO shall
submit to the Project Manager and Site Superintendent a list of all
personnel who are medically qualified to wear respiratory
protective equipment and to enter Controlled Access Areas. This
list shall be updated by the SHSO when there are changes in
personnel medical qualifications. The Site Superintendent is
responsible for ensuring that only medically qualified personnel
are permitted in Controlled Access Areas.
Any person who has sustained a significant body burden from an
actual exposure shall be removed from the Controlled Access Area
until the SHSO and/or the examining or consulting physician
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determines the employee can continue to work in the contaminated
environment.
4 .6 FORMS TO BE COMPLETED PRIOR TO EXAMINATION
The following forms shall be completed by the individual prior to
the physical examination:
4 . 6 . 1 Medical Quest ionnaire
The individual shall complete the Medical Questionnaire
(Attachment 2) which includes medical, occupational, and family
history. The completed forms shall be presented to the examining
physician at or before the scheduled time of the examination.
4 . 6 . 2 Privacy Statement
The individual shall be given a copy of the Privacy Statement
(Attachment 3). The individual shall be required to sign the
acknowledgment in the Privacy Statement. The original of the
signed Privacy Statement shall be forwarded to the SHSO, with a
copy provided to the individual.
4 . 6 . 3 Medical Records Release
The individual shall be required to complete the Medical Records
Release (Attachment 4). The completed form shall b& presented to
the examining physician at or before the scheduled time of the
examination.
4.7 FORMS TO BE COMPLETED BY THE PHYSICIAN
The examining physician will be required to complete the
Physic ian's Statement.
The Site Superintendent shall immediately forward the confidential
document to the SHSO.
The SHSO will supply the Site Superintendent an updated list of
personnel medically qualified to work in Controlled Areas.
4 . 8 RECORDS
4 . 8 . 1 Contractor Employee
The examining or consulting physician shall maintain a copy of
records of baseline and periodic assessments for the duration of
each employee's employment with the contractor. The completed
Physician's Statement will be maintained by the SHSO and the Health
and Safety Manager. Upon termination of the employee's employment,including retirement or death, the medical records shall be
maintained by the Health and Safety Manager, as required by
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applicable federal and state regulations, in a manner that will
ensure ready access as needed by the medical monitoring programs of
the EPA or the NRC.

5 .0 RESPONSIBILITIES
The Site Health and Safety Officer shall ensure that each worker
who may be work in a Controlled Area receives an appropriate
medical examination.
The Site Superintendent shall ensure that each worker has any
required medical examination prior to work in a Controlled Area.
The examining physician shall provide a statement indicating the
worker 's medical qualification for working Controlled Areas.
6 .0 REFERENCES
EPA, "Occupational Health and Safety Manual ," Chapter 9,
August 1 9 8 0 .
EPA, "Safety Manual for Hazardous Waste Site Investigations,"
Appendix B, September 1 9 7 9 .
NRC 10 CFR 2 0 . 1 3 0 , "Exposure of Individuals to Concentrations of
Radioactive Materials in Air in Restricted Areas"
NRC, Regulatory Guide 8 . 6 , "Occupational Radiation Exposure Records
Systems"
NRC, Regulatory Guide 8 . 9 , "Acceptable Concepts, Models, Equations
and Assumptions for a Bioassay Program.
NRC, Regulatory Guide 8 . 1 1 , "Application of Bioassay for Uranium"
NRC, Regulatory Guide 8 . 2 2 , "Bioassay at Uranium Mills"
NRC, Regulatory Guide 8 . 2 6 , " Applications of Bioassay for Fission
and Activation Products"
OSHA 29 CFR 1 9 0 4 , "Recording and Reporting Occupational Injuries
and Illnesses"
OSHA 29 CFR 19 10 , "Safety and Health Standards"
OSHA 29 CFR 1 9 2 6 , "Safety and Health Regulations for Construction"
7 .0 ATTACHMENTS

Attachment 1, Criteria for the Baseline Health Assessment.
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Attachment 2, Medical Questionnaire.
Attachment 3, Privacy Statement.
Attachment 4, Medical Records Release
Attachment 5, Phys ic ian 's Statement.
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HEALTH ASSESSMENT CRITERIA
One intended result from each health assessment is to establish whether
or not, in the physician's medical judgement, the examined individual
is in good health with no medical condition that might put the
individual at increased risk from work in a Controlled Area or from
respirator use. This is documented on the physician's statement form(Attachment 5) . To meet this intent, each health assessment must
include the elements described below. The medical examination should
be supplemented by procedures and special tests only as warranted by
the health status of the individual and likely or documented exposures
to specific hazards or stresses.
For each health assessment subsequent to the baseline health
assessment, the examining physician pays particular attention to
changes in the individual's health status since the baseline
assessment, in order to evaluate the need for additional surveillance
or treatment for medical conditions potentially arising from site work.
1. QUESTIONNAIRE REVIEW AND SCREENING PHYSICAL EXAM

The examining physician reviews the completed medical questionnaire
(Attachment 4); discusses it, as necessary, with the employee to
confirm that relevant information is identified; and conducts a
screening physical examination.

2. BASIC BLOOD AND URINE LABORATORY TESTS
BLOOD TESTS. Each assessment includes a basic panel of blood
counts and chemistries to evaluate blood-forming, kidney, liver,
endocrine, and metabolic functions. The following blood tests are
the minimum desirable:

White blood cell count, differential cell count, and platelet
estimate
Hemoglobin and/or hematocrit
Albumin, globulin, and total protein
Total bilirubin
Serum glutamic oxalacetic transaminase (SCOT)
Serum glutamic pyruvic transaminase (SGPT)
Lactic dehydrogenase (LDH)
Inorganic phosphatase
Calcium
Phosphorous
Uric Acid
Creatinine
Urea nitrogen
Cholesterol
Glucose
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URINE TESTS. Each assessment includes the following urinanalysis:
Specific gravity

- pH
Microscopic examination
Protein
Acetone

- Glucose
Albumin

3. PULMONARY FUNCTION TESTS
The examining physician administers pulmonary function tests on a
spirometer, measuring forced vital capacity (FVC, the maximum lung
capacity expired) and forced expired volume (FEV 1 7 the total volume
pushed out of the lungs in one second), comparing these values to
the Spirometry Prediction Tables for Normal Males and Females (29
CFR 1910 [Ref. 1 ] , 19 10 . 1043 ) .

4. RESPIRATOR USE EVALUATION
The physician closely evaluates the skin, cardiac, and pulmonary
systems of respirator users, and carefully examines histories or
symptoms of allergy and any personality or psychological factors
which may affect an individual's ability to use a respirator
effectively. Since specific health requirements for respirator
users are not available, the physician must judge an employee's
fitness for respirator use on the basis of clinical findings and
projected respirator demands.

5. VISION SCREENING
The physician administers screening tests for visual acuity, depth
and color perception.

6. AUDIOMETRIC TESTING
The physician or technician administers pure tone audiometric tests
(air conduction) for each ear. Minimum test frequencies are 500 ,
1 , 0 0 0 , 2 , 0 0 0 , 3 , 0 0 0 , 4 , 0 0 0 a n d 6 , 0 0 H z .

7. OTHER TESTS
X-RAY. Chest x-rays are not routinely performed as part of the
health assessment. X-rays are obtained only when clinically
indicated by other testing procedures, such as pulmonary function
test. A baseline chest x-ray may be performed if it is recommended
by the examining physician for the medical evaluation of the
employee. However, no baseline chest x-ray is obtained if the
employee has had one within the past three years; that record
should be obtained from the former physician, radiologist, or
hospital. X-rays should be standard 14 x 17 inch posterior-
anterior (P-A) exposures. All films are read or reviewed by a
board-certified radiologist or other competent medical specialist.

A-7

009580



ELECTROCARDIOGRAM. An electrocardiogram of the standard 12-lead
resisting type is included in the baseline examimition, and shouldbe interpreted by an internist or cardiologist. Subsequent
periodic electrocardiograms are obtained when recommended by the
examining physician, and not as a routine measure. The examining
physician should consider exercise electrocardiography (stress
test) for employees over 35 or for those displaying obvious riskfactors for coronary artery disease (obesity, heavy smokers, e t c . ) .
The frequency of exercise electrocardiograms is based upon the
examining physician's recommendations. The examining physician
should be aware that expected work operations include the use of
chemical protective clothing and respirators that may increase heat
or other physiological stress impacts upon the individual.
SPECIAL TESTS. Employees may need special tests in addition to
those outlined above. Criteria for such tests are established in
conjunction with known or suspected exposure hazards. Examples of
special tests for specific substance hazards are as follows:

Substance Recommended Special Tests
Inorganic arsenic Sputum cytology, urinary arsenic
Benzene Reticulocyte count
Cadmium Urinary analysis
Mercury Urinary mercury, blood mercury, liver and

kidney function, signs of gingivitis and
tremors

Inorganic lead Blood lead, peripheral blood smear
morphology

The examining physician determines the need for special tests after
reviewing an employee's medical questionnaire and consulting with
the project's industrial hygiene personnel. The physician may, in
addition, recommend one or more of the following non-routine tests:

VDRL or other serologic test for syphilis
Serum specimen for freezing and storage
Female cervical cytology test (Pap test)
Serum triglycerides
Serum sodium, potassium, and total chlorides
Gamma glutamyl transpeptidase (GGTP)
Carcino-embryonic antigen
Stress electrocardiogram

A-8

009581



Date
Name

(Last)
Bechtel Divis ion
Location ______
Regular Workplace

Job Title ______
Male [ ]
Age ____

Marital Status:

ATTACHMENT 2
Page 9 of 8

(Noo
oo

MEDICAL QUESTIONNAIRE
For Medical Use Only

(First)(Middle)

(Building and Room Number)
______ Years in Present Job
Female [ ]
Date of Birth
(Month, Day, Year)
Married [ ] Single [ ]Separated [ ]

Divorced [ ]Widowed [ ]

OCCUPATIONAL HISTORY
Indicate any job-related illnesses or injuries you have experienced,
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o
In your work are you now or have you been exposed to any of the
following agents?

Exposure Present Past Comments
Inorganic fluorides [ ] [ ]
Lead [ ] [ ]
Benzene [ ] [ ]
Coke oven emissions [ ] [ ]
Inorganic arsenic [ ] [ ]
Methyl chloride [ ] [ ]
Vinyl chloride [ ] [ ]
Toluene diisocyanate [ ] [ ]
Excessive noise [ ] [ ]
Nitrogen oxides [ ] [ ]
Crystalline silica [ ] [ ]
Nitric acid [ ] [ ]
Ammonia . [ ] [ ]
Beryllium [ ] [ ]
Phosgene [ ] [ ]
Allyl chloride [ ] [ ]
Asbestos [ ] [ ]
Suspect or know carcinogens [ ] [ ]
Pesticides [ ] [ ]
Bacteria or viruses [ ] [ ]
Primate animals [ ] [ ]
Vibrating tools [ ] [ ]
Radiation (which isotopes
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ATTACHMENT 2Page 11 of 8

if known) [ ] [ ]
List any other substances that you handle in your work. Star those
that particularly concern you from a health standpoint.

Oo

Do you have any suggestions to reduce potential exposures?

Indicate any symptoms that you have experienced that might be due to
exposure at work and indicate the suspected cause.
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MEDICAL HISTORY
Please answer the following questions by checking the applicable
blocks:
Yes [ ] No [ ] Have you ever been hospitalized?

If yes, give details and dates:

Yes [ ] No [ ] Have you ever had an operat ion(s)?
If yes, give details and dates:

Yes [ ] No [ ] Have you ever been a resident outside the United
States? If yes, please list location(s) and
date(s ) :

Are you now taking or have you taken any of the following within the
past month?
[ ] Antacids
[ ] Antibiotics
[ ] Anticoagulant (blood thinner)
[ ] Antidepressants
[ ] Antihistamines
[ ] Appetite depressants
[ ] Aspirin
[ ] Benzedrine
[ ] Birth control pills
[ ] Blood pressure medication
[ ] Codeine
[ ] Cortisone or steroids

List any drugs you take regularly:

[ ] Dexedrine
[ ] Digitalis[ ] Diuretic
[ ] Hormones
[ ] Insulin or oral anti-

diabetic drug
[ ] Laxatives
[ ] Morphine
[ ] Sleeping pills
[ ] Sulfa preparations
[ ] Thyroid
[ ] Tranquilizers
[ ] Vitamins

Yes [ ] No [ ] Have you been on any special diet(s) in the past year?
If yes, described type:_______________________________
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Are you allergic to any of the following:
[ ] Pollens
[ ] House dust
[ ] Animal dander, feathers, or fur
[ ] Drugs
[ ] Vaccines
[ ] Serum
[ ] Metal , jewelry
[ ] Foods
[ ] Sunlight or cold
If yes, please list or provide details:

IMMUNIZATION, VACCINES ANTITOXINS
Check if you have received any of the following and give approximate
date ( s ) when last received, if known:
[ ] Tetanus ___________________________________________
[ ] Poliomyelitis ________________________________________
[ ] Influenza _________________________________________
[ ] Typhoid _____________________________________________
[ ] Diphtheria ________________________________________
[ ] Rabies ___________________________________________
[ ] Rubella (German measles) _____
[ ] Measles (Rubella or red measles)
[ ] BCG ___________________________
[ ] Yellow fever
[ ] Small pox
[ ] RhoGAM (Rh immune globulin) ______
[ ] Immune serum globulin for hepatitis
[ ] Others (please list) ____________

[ ] Mantoux, patch test, or other skin test for tuberculosis
Give date and result of last test, if known:

Date _________________ Result: Positive [ ] Negative [ ]
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Yes [ ] No [ ] Do you drink alcoholic beverages?
If yes, please answer the following:
Yes [ ] No [ ] Do you average drinking more than one bottle of beer

per day?
Yes [ ] No [ ] Do you drink more than a bottle of wine per week?
Yes [ ] No [ ] Do you drink more than a fifth of liquor per week?

Yes [ ] No [ ] Do you smoke?
If yes, please answer the following:

How long have you smoked? __________ Years
How many of the following do you smoke per day:
Cigarettes ________________________________
"Pipes" of tobacco _______________________
Cigars _________________________________

If no, are you a former smoker? Yes [ ] No [ ]
If yes, how long ago did you quit? _____________ Years
How many years did you smoke before quitting? .____ Years
How much were you smoking when you quit; i . e . , number of
cigarettes, "pipes", or cigars smoked per day?

FEMALES ONLY:
Number of pregnancies
Number of living children
Number of miscarriages __
Date of last Pap test __
Date of last period ____

Yes [ ] No [ ] Have you had any unusual discharge or bleeding in
the past three months?

Yes [ ] No [ ] Have you reached menopause?
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Have you had or do you now have any of the following illnesses or
conditions? If so, please check the appropriate b lock(s ) :
[ ] Abnormal Bleeding
[ ] AIDS
[ ] Allergies
[ ] Anemia
[ ] Arthritis
[ ] Asthma
[ ] Back pain
[ ] Blood in urine, sputum,

or stool
[ ] Blood pressure, high
[ ] Blood pressure, low
[ ] Bowel problems
[ ] Cancer
[ ] Chest pain
[ ] Chronic cough
[ ] Cirrhosis of the liver
[ ] Cold or painful fingers
[ ] Constipation
[ ] Dental or gum problems
[ ] Depression or excessive

worry
[ ] Dermatitis
[ ] Diabetes
[ ] Diarrhea
[ ] Difficulty in sleeping
[ ] Dizz iness
[ ] Ear or hearing problems
[ ] Endema

(foot or leg swelling)
[ ] Epilepsy
[ ] Erysipelas

(skin inflammation)
[ ] Eye trouble

(other than glasses)
[ ] Fainting spells or

unconsciousness
[ ] Fever
[ ] Frequent or severe

headaches
[ ] Freguent indigestion
[ ] Gallbladder, stones
[ ] Glaucoma
[ ] Gout
[ ] Hay fever

[ ] Heart attack, trouble, murmur
[ ] Hemorrhoids (piles)
[ ] Hepatitis
[ ] Hernia or rupture
[ ] Herpes
[ ] Hives
[ ] Hot flashes
[ ] Jaundice
[ ] Joint pains
[ ] Kidney problems, stones
[ ] Leg cramps
[ ] Leukemia
[ ] Liver problems
[ ] Loss of memory
[ ] Lung or breathing difficulty
[ ] Malaria
[ ] Menopause
[ ] Mumps
[ ] Muscle aches or pains
[ ] Nephritis (Bright's disease)
[ ] Nervous breakdown
[ ] Nervousness
[ ] Neuritis
[ ] Paralysis of any type
[ ] Pneumonia
[ ] Polio
[ 1 Rheumatic fever

Scarlet fever
Sickle cell disease or trait
Skin disease
Stomach pain
Stroke
Swollen glands
Swollen joints

[ ] Thyroid gland problem
[ ] Tremor of hands or head
[ ] Tuberculosis[ ] Tumors or cysts
[ ] Ulcer (stomach or duodenal)
[ ] Unexpected weight gain
[ ] Unexpected weight loss
[ ] Unusual weakness
[ ] Venereal disease

[ ]
[ ]C ][ ][ ][ ][ ]

A-15

009588



ATTACHMENT 2
Page 16 of 8

FAMILY HISTORY
Indicate any blood relatives who have or have had any of the following:

__________Relationship to Me__
Disease

Anemia
Allergy (asthma,

eczema, hay fever)
Alcoholism
Arthritis
Bleeding disorders
Cancer
Congenital

malformations
Diabetes
Emphysema
Epilepsy
Glaucoma
Gout [ ]
Heart attack
High blood pressure
Kidney disease
Kidney stones
Mental retardation
Sickle cell disease
Stomach ulcers
Stroke
Tuberculosis

Mother Father
Grand-
Parent

[ ]
[ ]
[ ]
[ ]
[ ]
[ ]
[ ]
[ ]
[ ]
[ ]
[ ]
[ ]
[ ]
[ 1
[ ]
[ ]
[ ]
[ ]
[ ]
[ ]
[ ]

[ ]
[ ]
[ ]
[ ]
[ ]
[ ]
C ][ ][ ][ ][ ][ ]
[ ][ ][ ][ ][ ][ ][ ]
[ ][ ]

Brother
or Sister Children

C ] [ ]
[ ][ ][ ][ ][ ]C ]

[ 1
[ ]
[ 1
[ ]
[ 1

C ] C ]C ]

[ ][ ][ ][ ]C ]
[ ][ ][ ][ ][ ][ ][ ][ ][ ]

If either of your parents is dead, list age and cause of death, if
known:
Mother died age
Father died age
Yes [ ]

of
of

No [ ] Are you aware of any diseases or illnesses that run
in your family?

If yes, please list:

When you have finished this Medical Questionnaire, hand it directly to
the doctor or nurse, or if mailed, make envelope "To Be Opened Only by
Medical Personnel ."
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PRIVACY STATEMENT: MEDICAL SURVEILLANCE PROCEDURE AND RECORDS

A. Authority under which the information is requested:
Privacy Act of 1974 (Public Law 9 3 - 5 7 9 )

B. Uses to be made of the information:
The purpose of requesting personal information is to enable the
Examining Physician and other health personnel to provide an
occupational health program directed primarily to protecting you
and your fellow workers from potential hazards in your work
environment and the reduction of these hazards. The records will
document your health stature, changes in physical conditions
through the years, and provide an account of any care rendered,
advice given, and consultations that are recommended.
This information may be used to determine unusual susceptibility
to illness or injury from exposures in your work environment, to
determine suitability for assignments, to permit medical
surveillance for potential harmful effects of toxicants used in
your work, and to provide medical treatment and advice. It may
be used to plan, implement and evaluate occupational and
preventative health programs, conduct epidemiologic research,
teach, and compile statistical data. It may be used to adjudicate
claims and determine benefits, and report medical conditions
required by law to Federal, State, and local agencies. It may be
used for other purposes including litigation.

C. Rules of confidentiality;
The information contained in these files will be open to review
and usage by other Examining Physicians and/or duly authorized
assistants except as noted below.
Information to be utilized for research, teaching, statistical,
or epidemiologic purposes will have all identifying day
obliterated and made unrecognizable as to the identity of an
individual.
The records will be in the local custody of the Examining
Physician and will be maintained in a locked filing cabinet.
Access will be limited to the custodian and/or duly appointed
health assistants. A copy of these records may be maintained in
the office of the Health and Safety Manager. These will be
maintained in locked cabinets with access limited to the Manager

• or to authorized assistants.
Upon death, retirement, resignation, or other termination of
service, the records will be forwarded to Health and Safety
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Manager for inclusion with the Offic ial Personnel Records and the
custody thereof will fall to the custodian of such records.
Medical information about an applicant shall not be made available
to the public.
Medical information about an employee shall be disclosed to the
employee, or a representative designated in writing, except that
medical information concerning a mental or other condition of such
a nature that a prudent physician would hesitate to inform a
person suffering from it of its exact nature and probable outcome
may be disclosed only to a licensed physician designated in
writing for that purpose by the individual or his designated
representative. The determination on whether information falls
into the purview above will rest with the custodian.
The employee may request release of records or information, and/or
designate a representative, in a letter directed to the custodian
of the records. The request will give the full name of the
representative and indicate the records to be released.

D. Disclosure of information by participants:
Disclosure of the required information is entirely voluntary
except for employees for whom disclosure is a condition of
employment or where a medical certificate is required before
assignment to positions which involve: (a) operations of motor
vehicles; (b) exceptional stress; (c) food handling; (d) direct
physical contact with people - for example, nurses and physical
therapists; (e) work above ground level or around hazardous power-
driven machinery; or, (f) strenuous exertion or hazardous duty or
arduous physical requirements - for example, aircraft pilots and
flight crew members, underwater divers, and firefighters. Pilots,
flight crew members, and divers will not be certified or
recertified if the information is not furnished. Other persons
may decline to participate in or withdraw from the Medical
Surveillance Program at any time without prejudice to themselves
or to their jobs . If the information is not furnished, however,
a complete occupational health evaluation cannot be done and will
not be attempted; optimum advice and care may therefore not be
possible. Delay in certain benefits may result from the lack of
available information about an employee.

E. Privacy Statement Acknowledgment
I have received a copy of this statement, which I may retain, and
I understand that I may receive additional copies of this
statement upon request. I understand that a copy of this
statement will be placed in my health records as evidence of this
notification.
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(Type or print name)

(Company Name)

(Signature) (Date)

EMPLOYEES: COMPLETE THIS FORM AND RETURN TO THE HEALTH AND SAFETY
SUPERVISOR
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MEDICAL RECORDS RELEASE

I hereby authorize
(phys ic ian 's name)

to release to _______________________________________
the following medical information from my medical records:
[ ] Complete copy of medical records
[ ] Only medical information as indicated:

I give my permission for this medical information to be used for the
following purpose: medical screening, but do not give permission for
any other use of re-disclosure of this information.

(Name of Employee or Legal Representative)

(Name of Company]

(Signature of Employee or Legal Representative)

(Date of Signature)

PHYSICIAN - RETURN FORM TO:
Contractor Employee Contractor Health and Safety Manager

Address of company where employed

A-20

009593



ONOO

APPENDIX B
HAZARD COMMUNICATION JOBSITE CHECKLIST

MATERIAL SAFETY DATA SHEETS

009594



HAZARD COMMUNICATION JOB-SITE CHECKLIST v>O>o1. The SHSO obtains a copy of the Federal Standard 20 CFR 19 10 . 1 200 O
hazard communication standards for the site.

2. The PM must communicate in writing and contractually to
contractors and subcontractors the applicability of this "Hazard
Communication Directive."

3. The SHSO develops and implements the written hazard
communication program and distributes a letter to all employees.

4. Procurement requests MSDSs on all purchase orders.
5. The superintendent/General Foreman/Foreman must verify that all

employees:
a. have been trained and informed of job hazards before they

work in a Controlled Area.
b. wear, use, maintain, and service the personal protective

equipment that is assigned to them.
6. The SHSO compiles a list of constituents of concern known to be

present and posts this list.
7. The SHSO maintains the MSDS file and locates it so that it is

available to all work shifts.
8. The SHSO provides information and training on chemicals to

employees at the time of initial assignment or whenever a newhazard is introduced to their work area.
9. The SHSO develops and implements a procedure to inform the

employees of the hazardous non-routine tasks.
10. The SHSO maintains a record keeping system.
11. The SHSO maintains emergency phone numbers from MSDS in order to

obtain information withheld as trade secrets, should injury or
illness occur.
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MATERIAL SAFETY DATA SHEET
OCCUPATIONAL HEALTH SERVICES, INC. FOR EMERGENCY SOURCE INFORMATIO*
11 WEST 42ND STREET, 1 2TH FLOOR CONTACT: 1 -6 ] 5 - 3 6 6 - 2 0 0 0 O\
NEW YORK, NEW YORK 1 0 0 3 6 §
1 - 8 0 0 - 4 4 5 - M S D S ( 1 - 8 0 0 - 4 4 5 - 6 7 3 7 ) O R 1 - 2 1 2 - 7 8 9 - 3 5 3 5

SUBSTANCE IDENTIF ICATION
GAS-NUMBER 2 1 8 - 0 1 - 9
RTEC-NUMRER G C 0 7 0 0 0 0 0

SUBSTANCE: 1 , 2-BENTZPHENANTHRENE
TRADE NAMES/SYNONYMS: .

CHRYSENE : 1 , 2-BENZOPHENANTHRENE :?.
1 ,2 , 5,6-DIBENZONAPHTH. ' . . " : : BENZO( V)PHF^4NTT7REV-^T?rRA U050 : C 1 8 H 1 2 :
O H S 2 6 4 3 0

CHEMICAL FAM I LY :
HYDROCARBON, POLYNUCLEAR

MOLECULAR FORMULA: C 1 8 - H 1 2 MOLECULAR WE IGHT : 2 2 8 . 3 0
RATINGS (SCALE 0 - 3 ) : HEALTH=3 FIRE=1 REACTIVITY=0 PERSISTENCE^

N'FPA RATINGS (SCALE 0 - 4 ) : HEALTH=3 F IRE= 1 REACTIVITY = 0

COMPONENTS AND CONTAMINANTS

COMPONENT: 1 . 2-BEN7PHENATHRENE CAS* 2 1 8 - 0 1 - 9 PERCENT: !00
OTHER CONTAM INANTS : NONE

EXPOSURE L IMI^ r
COAL TAR PITCH VOLATTLES fPOLYCYCLIC AROMATIC HYDROCARBONS) :
0 .2 MG/M3 OSHA TWA (AS BENZENE SOLUBLES)
0.2 MG/M3 ACGIH TWA (AS BENZENE SOLUBLES)
ACGIH A l - ^ONFIRMED HUMAN CARCINOGEN.
0. 1 MG/M3 NTOSH RECOMMENDED 10 HOUR TWA (CYCLOHEXANE-EXTRACTABLE FRACTION' )

1 ,2-BENZPHENANTHRENE:
ACGIH A2-SUSPECTED HUMAN CARCINOGEN.
100 POUNDS CERCLA SECTION 103 REPORTABLE QUANTITY
SUBJECT TO CALIFORNIA PROPOSITION «5 CANCER AND/OR REPRODUCTIVE TOXIC ITY

WARNING AND RELEASE REQUIREMENTS- (JANUARY 1 , 1 9 9 0 )

PHYSICAL DATA
DESCRIPTION: ODORLESS, COLORLESS, ORTHORHOMBIC BIPYRAMIDAL PLATES WITH A

STRONG RED-VIOLET OR BLUE FLUORESCENCE UNDER ULTRAVIOLET LIGHT.
BOILING POINT: 838 F ( 4 4 8 C) MELTING POINT: 489 F ( 2 5 4 C)
SPECIFIC GRAVITY: 1 . 2 7 4 SOLUBILITY IN WATER: INSOLUBLE
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OTHER SOLVENTS (SOLVENT - SOLUBIL ITY) :
SOLUBLE IN BENZENE ( HOT ) ; SLIGHTLY SOLUBLE IN ETHANOL,
ETHER, CARBON DISULFIDE, GLACIAL ACETIC ACID , ACETONE, TOLUENE, XYLENE (HOT)_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ —— _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ^

ON
FIRE AND EXPLOSION DATA ^

O
FIRE AND EXPLOSION HAZARD °
SLIGHT FIRE HAZARD WHEN EXPOSED TO HEAT OR FLAME.

FIREFIGHTING MEDIA:
DRY CHEMICAL, CARBON DIOXIDE, WATER SPRAY OR REGULAR FOAM
( 1 9 9 0 EMERGENCY RESPONSE GUIDEBOOK, DOT P 5 8 0 0 . 5 ) .
FOR LARGER F IRES, USE WATER SPRAY, FOG OR REGULAR FOAM
( 1 9 9 0 EMERGENCY RESPONSE GUIDEBOOK, DOT P 5 8 0 0 . 5 ) .

FIREFIGHTING:
MOVE CONTAINER FROM FIRE AREA IF YOU CAN DO IT WITHOUT RISK. DO MOT SCATTER
SPILLED MATERIAL WITH HIGH-PRESSURE WATER STREAMS. DIKE FIRE-CONTROL WATER FOR
LATER DISPOSAL ( 1 9 9 0 EMERGENCY RESPONSE GUIDEBOOK; DOT P 5 8 0 0 . 5 , GUIDE
PAGE 3 1 ) .
USE AGENTS SUITABLE FOR TYPE OF SURROUNDING FIRE. AVOID BREATHING HAZARDOUS
VAPORS , KEEP UPWIND .

TOXICITY
1 ,2-BENZPHENANTHRFNE:
TOXICITY DATA: MUTAGENIC DATA (RTECS ) ; TUMORIGENIC DATA (RTECS ) .
CARCINOGEN STATUS: ANIMAL LIMITED EVIDENCE ( IARC GROUP-3 1 . APPLICATION TO

THE SKIN OF MICE RESULTED IN SKIN TUMORS. LOCAL TUMORS WERE OBSERVED
FOLLOWING ITS SUBCUTANEOUS INJECTION IN MICE . PERINATAL ADMIN ISTRATION
TO MICE BY SUBCUTANEOUS OR INTRAPERITONEAL INJECTION INCREASED THE
INCIDENCES OF LIVER TUMORS.

LOCAL EFFECTS: IRRITANT- INHALATION, SKIN , EYE.
ACUTE TOXTCITY LEVEL: NO DATA AVAILABLE .
TARGET EFFECTS: SENSITIZER- SKIN. POISONING MAY AFFECT THE LUNGS. *
* BASED ON GENERAL INFORMATION ON COAL TAR PITCH VOLATILES.

HEALTH EFFECTS AND FIRST AID
INHALATION:
1 ,2-BENZPHENANTRENE:
IRRITANT.

ACUTE EXPOSURE- MAY PAUSE RESPIRATORY IRRITATION, COUGH, DYSPNEA, AMD
PULMONARY EDEMA.

CHRONIC EXPOSURE- REPEATED OR PROLONGED EXPOSURE MAY CAUSE BRONCHITIS.
EXPOSURE IS ASSOCIATED WITH CANCERS OF THE LUNGS, BLADDER, KIDNEYS, AND
AND GASTROINTESTINAL TRACT.
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SKIN CONTACT:
1 ,2 -BENZPHENANTHRENE : < »
TRRITANT/SENSITIZER/LIMITED ANIMAL CARCINOGEN. Co

ACUTE EXPOSURE- DELAYED EFFECTS ARE ERYTHEMA AND SWELLING, WHICH APPEARS A Os
FEW HOURS AFTER EXPOSURE OF SKIN SURFACES TO ULTRAVIOLET L IGHT. §
HYPERMELANOSIS IS COMMON. INTENSE CONTACT HAS CAUSED ACNE AND/OR
FOLLICULITIS . DESQU.AMATION, PIGMENTATION, DERMATITIS, AND THERMAL BURNS
HAVE ALSO OCCURRED. ALLERGIC DERMATITIS IS RARE .

CHRONIC EXPOSURE- APPLICATION TO THE SKIN OF MICE HAS PRODUCED SKIN TUMORS.
EYE CONTACT:
1 , 2 -BENZPHENANTRENE :
IRRITANT.

ACUTE EXPOSURE- DELAYED IRRITATION MAY OCCUR , WITH CONJUNCTTVAL ERYTHEMA,
LACRIMATION, PALPEBRAL EDEMA, PHOTOPHOBIA, AND CORNEAL ULCERATION.

CHRONIC EXPOSURE- PROLONGED EXPOSURE MAY PRODUCE THE SAME EFFECTS AS ACUTE
EXPOSURE.

INGESTION:
1 , 2-BENZPHENANTRENE:

ACUTE EXPOSURE- INGFSTION MAY CAUSE D I Z Z I N E S S , NAUSEA ^NT VOMIT ING,
WEAKNESS; HFADACHE , TIGHTNESS IN THF CHEST, AND STAGGERING. IF LARGER
AMOUNTS HAVE BEEN INGESTED, THESE SYMPTOMS MAY PROGRESS TO VISUAL
D ISTURBANCES , TREMORS, SHALLOW AND RAPID RESPIRATION, CONVULSIONS AND
COMA. VIOLENT EXCITEMENT OR DEL IR IUM MAY PRECEDE UNCONSC IOUSNESS . K IDNEY
OR LIVER DAMAGE MAY OCCUR.

CHRONIC EXPOSURE- HAS NOT BEEN REPORTED IN HUMANS.

ANTIDOTE:
NO SPECIFIC ANTIDOTE. TREAT SYMPTOMATICALLY AND SUPPORTIVELY.

REACTIVITY SECTION
REACTIVITY:
STABLE UNDER NORMAL TEMPERATURES AND PRESSURES.
INCOMPATIBILITIES:
I ,2-BENZANTHRACENE:

OXIDIZERS ( S T R O N G ) : ^TRE AND EXPLOSION HAZARD.
DECOMPOSITION:
THERMAL DECOMPOSITION MAY RELEASE ACRID SMOKE AND IRRITATING FUMES .
POLYMERIZATION:
HAZARDOUS POLYMERIZATION HAS NOT BEEN REPORTED TO OCCUR UNDER NORMAL
TEMPERATURES AND PRESSURES.

STORAGE-DISPOSAL
OBSERVE ALL FEDERAL, STATE AND LOCAL REGULATIONS WHEN STORING OR DISPOSING
OF THIS SUBSTANCE. FOR ASSISTANCE, CONTACT THE DISTRICT DIRECTOR OF THE
ENVIRONMENTAL PROTECTION AGENCY.
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* * STORAGE* *
STORE AWAY FROM INCOMPATIBLE SUBSTANCES .

CONDITIONS TO AVOID

MAY BURN BUT DOES NOT IGNITE READILY . AVOID CONTACT WITH STRONG O X I D T Z E R S ,
EXCESSIVE HEAT , S P A R K S , OR OPEN FLAME .

SP I LT , S AND F . EAKS

SOIL-RELEASE :
DIG HOLDING AREA SUCH AS LAGOON, POND OR PIT FOR CONTAINMENT .

OO

PROTECTIVE COVER SUCH AS A PLASTIC SHEET TO PREVENT MATERIAL FROM
D ISSOLV ING IN ITTRE EXTINGUISHING WATER OR R A I N .
W A T E R - S P T L L :
USE ACTIVATED CARBON TO ABSORB SP I LLED SUBSTANCE THAT IS D I SSOLVED .

' 'SE SUCTION HOSES TO REMOVE TRAPPED SPILL MATERIAL .
I 'SE MECHANICAL DREDGES OR LIFTS TO EXTRACT IMMOBIL IZED MASSES OF POLLUTION AND
PRECIPITATES.
THE CALIFORNIA SAFE DRINKING WATER AND TOXIC ENFORCEMENT ACT OF 1 9 8 6
(PROPOSIT ION f i 5 ) PROHIBITS CONTAMINATING AMV KNOWN SOURCE OF DRINKING WATER
WITH SUBSTANCES KNOWN TO r.AUSE CANCER AND/OR REPRODUCTIVE TOXICITY.
OCCUPAT IONAL-SP I LL :
SWEEP UP AND PLACE IN SUITABLE
D ISPOSAL . DO NOT FLUSH SPILLED
AWAY .

CLEAN , DRY CONTAINERS FOR RECLAMATION OR LATER
MATERIAL INTO SEWER . KEEP UNNECESSARY PEOPLE

REPORTABLE QUANTITY ( R Q ) : 100 POUNDS
THE SUPERFUND AMENDMENTS AND REAUTHORIZATTON ACT ( S A R A ) SECTION 304 REQUIRES
THAT A RELEASE EQUAL TO OR GREATER THAN THE REPORTABLE QUANTITY FOR THIS
SUBSTANCE BE IMMEDIATELY REPORTED TO THE LOCAL EMERGENCY PLANNING COMMITTEE
AND THE STATE EMERGENCY RESPONSE COMMISSION (40 CFR 3 5 5 . 4 0 ) . IF THE RELEASE OF
THIS SUBSTANCE IS REPORTABLE UNDER CERCLA SECTION 1 0 3 , THE NATIONAL RESPONSE
CENTER MUST BE NOTIFIED IMMEDIATELY AT ( 8 0 0 ) 4 2 4 - 8 8 0 2 OR ( 2 0 2 ) 4 2 6 - 2 6 7 5 IN THE
METROPOLITAN WASHINGTON, D . C . AREA (40 CFR 3 0 2 . 6 ) .

PROTECTIVE EQUIPMENT SECTION
VENTILATION:
PROVIDE LOCAL EXHAUST VENTILATION AND/OR GENERAL DILUTION VENTILATION TO MEET
PUBLISHED EXPOSURE LIMITS.
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RESPIRATOR:
THE FOLLOWING RESPIRATORS ARE RECOMMENDED BASED ON INFORMATION FOUND IN THE

PHYSICAL DATA, TOXICITY AND HEALTH EFFECTS SECTIONS . THEY ARE RANKED IN
ORDER FROM MINIMUM TO MAXIMUM RESPIRATORY PROTECTION. §

THE SPECIF IC RESPIRATOR SELECTED MUST BE BASED ON CONTAMINAT ION LEVELS FOUND >O
IN THE WORK PLACE, MUST BE BASED ON THE SPECIFIC OPERATION, MUST NOT EXCEED 2}
THE WORKING L IMITS OF THE RESPIRATOR AND Ml 'ST BE JOINTLY APPROVED BY THE o
NATIONAL INSTITUTE FOR OCCUPATIONAL SAFETY AND HEALTH AND THE MINE SAFETY
AND HEALTH ADMINISTRATION ( N I O S H - M S H A ) .

ANY TYPE 'C' SUPPLIED-AIR RESPIRATOR WITH A FULL FACEPIECE OPERATED IN
PRESSURE-DEMAND OR OTHER POSITIVE PRESSURE MODE OR WITH A FULL FACEPIECE,
HFI .MET OR HOOD OPERATED IN CONTINOUS-FLOW MODE .

ANY SELF-CONTAINED BREATHING APPARATUS WITH A FULL FACEPIECE OPERATED IN
PRESSURE-DEMAND OR OTHER POSITIVE PRESSURE MODE.

FOR FIREFIGHTING AND OTHER IMMEDIATELY DANGEROUS TO LIFE OR HEALTH CONDIT IONS :
ANY SELF-CONTAINED BREATHING APPARATUS WITH FULL FACEPIECE OPERATED TN

PRESSURE-DEMAND OR OTHER POSITIVE PRESSURE MODE .
ANY SUPPL IED-AIR RESPIRATOR WITH FULL FACEPIECE AND OPERATED IN

PRESSURE-DEMAND OR OTHER POSITIVE PRESSURE MODE TN COMBINATION WITH AN
AUXIL IARY SFLF-TON'TAINED BREATHING APPARATUS OPERATED IN PRESSURE-HEMAND
op OTHFP POSIT IVE PRESSURE MODE .

CLOTHING:
EMPLOYEE MUST WEAR APPROPRIATE PROTECTIVE ( IMPFRV IOUS ) CL . : AND EQUIPMENT
TO PREVENT ANY POSSIBILITY OF SKIN CONTACT WITH THIS SUBSTANCE.
GLOVES :
FMPLOYFE MUST WEAR APPROPRIATE PROTECTIVE GLOVES TO PREVENT CONTACT WITH THIS
SUBSTANCE.

L--YE PROTECTION:
EMPLOYEE MUST WEAR SPLASH-PROOF OR DUST-RESISTANT SAFETY GOGGLES AND A
FACESHTELD TO PREVENT CONTACT WITH THIS SUBSTANCE.
EMERGENCY WASH FACILITIES:
WHERE ^HERE TS ANY POSSIBILITY THAT AN EMPLOYEE 'S EYES AMD/OR SKIN MAY BE
EXPOSED TO THIS SUBSTANCE , THE EMPLOYER SHOULD PROVIDE AN EYE WASH FOUNTAIN
AND QUICK DRENCH SHOWER WITHIN THE IMMEDIATE WORK AREA FOR EMERGENCY USE .

AUTHORIZED BY- OCCUPATIONAL HEALTH SERVICES, INC.

CREATION DATE: 0 3 / 1 9 / 8 5 REVISION DATE: 1 2 / 0 3 / 9 0
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MATERIAL SAFETY DATA SHEET
OCCUPATIONAL HEALTH SERVICES, INC. FOR EMERGENCY SOURCE INFORMATION
1 1 WEST 42ND STREET, 12TH FLOOR CONTACT: 1 - 6 1 5 - 3 6 6 - 2 0 0 0
NEW YORK, NEW YORK 1 0 0 3 6
1 - 8 0 0 - 4 4 5 - M S D S ( 1 - 8 0 0 - 4 4 5 - 6 7 3 7 ) O R 1 - 2 1 2 - 7 8 9 - 3 5 3 5

SUBSTANCE IDENTIF ICATION

CAS-NUMBER 2 0 7 - O P - P
4 ̂ -^*r^&£HWF»fc». RTEC-NUMBER D F 6 3 5 0 0 0 0SUBSTANCE : ' "~~

TRADE NAMES/SYNONYMS:1 1 , 1 2 - BENZO (K ) F LUORANTHENE : O H S 0 2 7 1 0
CHEMICAL FAMILY :HYDROCARBON, POLYNUCLEAR
MOJETLAR FORMULA: C 2 0 - H 1 2 MOLECULAR WEIGHT: 2 5 2 . ^ 2
CERCLA RATINGS (SCALE 0 - 3 ) : HEALTH=U FIRE=1 REACTIVITY=0 PERSISTENCESRAT INGS ( SCALE 0 - 4 ) : HEALTH=U FIRE=I REACTIVITY=O

COMPONENTS AND CONTAMINANTS
COMPONENT: PEN70(K)FLUORANTHENE CAS* 207 -08 -9 PERCENT: TOO
OTHER CONTAMINANTS : NONE
EXPOSURE L IM IT :COAL TAR PITCH ^OLATILES fPOLYCYCLIC AROMATIC HYDROCARBONS):0 .2 MG/M3 OSHA TWA (AS BENZENE SOLUBLES)0 .2 MG/M3 ACGIH TWA (AS BENZENE SOLUBLES)^CGTH Al-CONFIRMED HUMAN CARCINOGEN.0 . 1 MG/M3 NTOSH RECOMMENDED 10 HOUR TWA (CYCLOHEXANE-EXTRACTABLE F R A C T I O N )
BENZO(K )FLUORANTHENE :5000 POUNDS CERCLA SECTION 103 REPORTABLE QUANTITYSUBJECT ^0 CALIFORNIA PROPOSITION 65 CANCER AND/OR REPRODUCTIVE TOXICITYWARNING AND RELEASE REQUIREMENTS- (JULY 1 , 1 9 8 7 )

PHYSICAL DATA
DESCRIPTION: SOLID
SOLUBILITY TN WATER: INSOLUBLE

FIRE AND EXPLOSION DATA
FIRE AND EXPLOSION HAZARDSLIGHT ^TRE HAZARD WHEN EXPOSED TO HEAT OR FLAME.
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FIREFIGHTING M E D I A :
DRY CHEMICAL , CARBON D IOX IDE , WATER SPRAY OR REGULAR FOAM
( 1 9 9 0 EMERGENCY RESPONSE GUIDEBOOK, DOT P 5 8 0 0 . 5 ) .
FOR LARGER FIRES. USE WATER SPRAY, FOG OR REGULAR FOAM
( 1 9 9 0 EMERGENCY RESPONSE GUIDEBOOK, DOT P 5 8 0 0 . 5 ) .

FIREFIGHTING:
MOVE CONTAINER FROM FIRE AREA IF YOU CAN DO IT WITHOUT R ISK . DO NOT SCATTER
SPILLED MATERIAL WITH HIGH-PRESSURE WATER STREAMS. DIKE FIRE-CONTROL WATER FOR
LATER D ISPOSAL ( 1 9 9 0 EMERGENCY RESPONSE GUIDEBOOK, DOT P 5 8 0 0 . 5 , GUIDE
PAGE 3 1 ) .

USE AGENTS SUITABLE FOR TYPE OF SURROUNDING FIRE. AVOID BREATHING HAZARDOUS
^APORS , KEEP UPWIND.

TOXICITY
B E N Z O ( K ) FLUORANTHENE :
"UTAGENTC DATA (RTECS ) ; TUMORIGENIC DATA (RTECS) .
CARCINOGEN STATUS : ANTICIPATED HUMAN . . ' . ' L N O G E N (NTP } ; AN IMAL SUFFICIENT
EVIDENCE ( T A R C G R O U P - 2 B ) . BENZO(K )FLUORAMTHENE PRODUCED A FEW SKIN TUMORS IN
TWO STRAINS OF MICE FOLLOWING SKIN APPL ICATION; AS WELL AS AN INITIATOR OF
SKIN CARCINOGENESIS . SUBCUTANEOUS INJECTION PRODUCED SARCOMAS AT THE SITE OF
INJECTION IN MICE AND SQUAMOUS-CELL CARCINOMAS OF THE LUNG IN RATS FOLLOWING
DIRECT INJECTION INTO PULMONARY TISSUE.

BENZO(K )FLUORANTHENE IS A COAL TAR PITCH VOLATILE THAT MAY IRRITATE THE
EYES , SK IN , AND MUCOUS MEMBRANES, AND CAUSE SKIN SENSITIZATION AND
PHOTOSENSIT IZATION. REPEATED EXPOSURE TO COAL TAR PITCH VOLATILES HAS BEEN
ASSOCIATED WITH AN INCREASED RISK OF DEVELOPING BRONCHITIS AND CANCER OF THE
LUNGS , BLADDER , SK IN , AND K IDNEYS .

HEALTH EFFECTS AND FIRST AID
INHALATION:
BENZO (K ) F LUORANTHENE :
IRRITANT.

ACUTE EXPOSURE- MAY CAUSE RESPIRATORY IRRITATION, COUGH, DYSPNEA , AND
PULMONARY EDEMA.

CHRONIC EXPOSURE- REPEATED OR PROLONGED EXPOSURE MAY CAUSE BRONCHITIS .
EXPOSURE IS ASSOCIATED WITH CANCERS OF THE LUNGS, BLADDER, KIDNEYS, AND
AND GASTROINTESTINAL TRACT.

FIRST AID- REMOVE FROM EXPOSURE AREA TO FRESH AIR IMMEDIATELY. IF BREATHING
HAS STOPPED, PERFORM ARTIFICIAL RESPIRATION. KEEP PERSON WARM AND AT REST ,
TREAT SYMPTOMATICALLY AND SUPPORTIVELY. GET MEDICAL ATTENTION IMMEDIATELY,

SKIN CONTACT:
BENZO(K)FLUORANTHENE:
IRRITANT/SENSITIZER/CARCINOGEN.
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ACUTE EXPOSURE- DELAYED EFFECTS ARE ERYTHEMA AND SWELLING, WHICH APPEARS A
FEW HOURS AFTER EXPOSURE OF SKIN SURFACES TO ULTRAVIOLET L IGHT.
HYPERMELANOSIS IS COMMON. INTENSE CONTACT HAS CAUSED ACNE AND/OR o
FOLLICULIT IS . DESQUAMATION , P IGMENTATION, DERMATIT IS , AND THERMAL BURNS yO
HAVE ALSO OCCURRED. ALLERGIC DERMATITIS IS RARE. g

CHRONIC EXPOSURE- APPLICATION TO TWO STRAINS OF MICE HAS PRODUCED SKIN O
TUMORS. LEUKODERM.A MAY ALSO OCCUR.

FIRST AID- REMOVE CONTAMINATED CLOTHING AND SHOES IMMEDIATELY . WASH AFFECTED
AREA WITH SOAP OR MILD DETERGENT AND LARGE AMOUNTS OF WATER UNTIL NO
EVIDENCE OF CHEMICAL REMAINS (APPROXIMATELY 15 -20 M INUTES ) . GET MEDICAL
ATTENTION IMMEDIATELY.

EYE CONTACT:
RENZO ( K ) FLUORANTHENE :
IRRITANT.

ACUTE EXPOSURE- DELAYED IRRITATION MAY OCCUR, WITH CONJUNCTIVAL ERYTHEMA,
LACRIMATION , PALPEBRAL EDEMA, PHOTOPHOBIA, AND CORNEAL UT.CERATION .

CHRONIC EXPOSURE- PROLONGED EXPOSURE MAY PRODUCE THE SAME EFFECTS AS ACUTE
EXPOSURE.

A ID- WASH EYES IMMEDIATELY WITH LARGE AMOUNTS OF WATER OR ^ORMAL SAL IVE ,
OCCASIONALLY L IFTING UPPER AND LOWER L IDS , UNTIL NO EVIDENCE OF CHEMICAL
REMAINS (APPROXIMATELY 1 5 - 2 0 M INUTES ) . GET MEDICAL ATTENTION IMMEDIATELY .

I NGESTTON :
BFNZO ( K ) FLUORANTHENE :

ACUTE EXPOSURE- INGESTTON MAY CAUSE D IZZ INESS , NAUSEA AND VOMIT ING ,
WEAKNESS, HEADACHE, TIGHTNESS IN THE CHEST , AND STAGGERING. TF LARGER
AMOUNTS HAVE BEEN INGESTED, THESE SYMPTOMS MAY PROGRESS TO VISUAL
DISTURBANCES, TREMORS, SHALLOW AND RAPID RESPIRATION, CONVULSIONS AND
COMA. VIOLENT EXCITEMENT OR DELIRIUM MAY PRECEDE UNCONSCIOUSNESS . KIDNEY
OR LIVER DAMAGE MAY OCCUR.

C'HRONIC EXPOSURE- HAS NOT BEEN REPORTED IN HUMANS.
FIRST A ID - IF VICTIM IS CONSCIOUS , REMOVE INGESTED POISON BY GASTRIC LAVAGE ,

WITH ACTIVATED CHARCOAL AND A CUFFED ENDOTRACHEAL TUBE TO PREVENT
ASP IRATTO\ . IN THE ABSENCE OF DEPRESSION, CONVULSION OR IMPAIRED GAG
REFLEX , IPECAC EMESIS CAN ALSO BE DONE WITHOUT INCREASING THE HAZARD OF
ASPIRATION. WHEN VOMITING OCCURS, HOLD THE PATIENT WITH HEAD LOWER THAN
HIPS TO HELP PREVENT PULMONARY ASPIRATION. AFTER VOMITING STOPS, GIVE °0
TO f in ML OF FLEET'S PHOSPHO-SODA DILUTED 1 :4 IN WATER. ( DRE I SBACH ,
HANDBOOK OF POISONING, 1 1TH E D . ) .

ANTIDOTE:
NO SPECIFIC ANTIDOTE. TREAT SYMPTOMATICALLY AND SUPPORTIVELY .

REACTIVITY SECTION

REACTIVITY:
STABLE UNDER NORMAL TEMPERATURES AND PRESSURES.
INCOMPATIBIL ITIES:
CONTACT WITH STRONG OXIDIZERS MAY CAUSE FIRES AND E X P T O S T O N S .

DECOMPOSITION:
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THERMAL DECOMPOSIT ION MAY RELEASE ACRID SMOKE AND IRR ITATING FUMES .
POLYMERIZATION:
HAZARDOUS POLYMERIZATION HAS NOT BEEN REPORTED TO OCCUR UNDER NORMAL
TEMPERATURES AND PRESSURES .

STORAGE-D ISPOSAL

OBSERVE ALL FEDERAL, STATE AND LOCAL REGULATIONS WHEN STORING OR D ISPOSING
OF THIS SUBSTANCE. FOR ASS ISTANCE , CONTACT THE DISTRICT DIRECTOR OF THE
ENVIRONMENTAL PROTECTION AGENCY.

CONDIT IONS TO AVOID
MAY BURN BUT DOES NOT IGNITE READILY . AVOID CONTACT WITH STRONG O X T D T Z E R S ,
EXCESSIVE HEAT, SPARKS, OR OPEN FLAME.

SPILLS AND LEAKS
WATER-SP ILL :
THE CALIFORNIA SAFE DRINKING WATER AND TOXIC ENFORCEMENT ACT OF 1 9 8 6
(PROPOSITION 65) PROHIBITS CONTAMINATING ANY KNOWN SOURCE OF DRINKING WATER
WITH SUBSTANCES KNOWN TO CAUSE CANCER AND/OR REPRODUCTIVE TOXICITY.
OCCUPATIONAL-SPILL :
SWEEP UP AND PLACE IN SUITABLE CLEAN, DRY CONTAINERS FOR RECLAMATION OR LATER
D ISPOSAL . DO NOT FLUSH SPILLED MATERIAL INTO SEWER . KEEP UNNECESSARY PEOPLE
AWAY.
REPORTABLE QUANTITY ( R Q ) : 5000 POUNDS
THE SUPERFUND AMENDMENTS AND PEAUTHORIZATTON ACT ( S A R A ) SECTION 304 REQUIRES
THAT A RELEASE EQUAL TO OR GREATER THAN THE REPORTABLE QUANTITY FOR THIS
SUBSTANCE BE IMMEDIATELY REPORTED TO THE LOCAL EMERGENCY PLANNING COMMITTEE
AND THE STATE EMERGENCY RESPONSE COMMISS ION (40 CFR 3 5 5 . 4 0 1 . IF THE RELEASE ^F
THIS SUBSTANCE IS REPORTABLE UNDER CERCLA SECTION 1 0 3 , THE NATIONAL RESPONSERENTER MUST «E NOTIFIED IMMEDIATELY AT ( s o o ) 4 2 4 - 8 8 0 2 OR ( 2 0 2 ) 4 2 6 - 2 6 7 5 IN THE
METROPOLITAN WASHINGTON, D . C . AREA (40 CFR 3 0 2 . 6 ) .

PROTECTIVE EQUIPMENT SECTION
VENTILATION:
PROVIDE LOCAL EXHAUST VENTILATION AND/OR GENERAL DILUTION VENTILATION TO MEET
PUBLISHED EXPOSURE LIMITS.
RESPIRATOR:
THE FOLLOWING RESPIRATORS ARE RECOMMENDED BASED ON INFORMATION FOUND IN THE

PHYSICAL DATA, TOXICITY AND HEALTH EFFECTS SECTIONS. THEY ARE RANKED IN
ORDER FROM MINIMUM TO MAXIMUM RESPIRATORY PROTECTION.

OO
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THE SPECIF IC RESPIRATOR SELECTED MUST BE BASED ON CONTAMINATION LEVELS FOUND
IN THE WORK PLACE, MUST BE BASED ON THE SPECIFIC OPERATION, MUST NOT EXCEED *O
THE WORKING LIMITS OF THE RESPIRATOR AND MUST BE JOINTLY APPROVED BY THE S
NATIONAL INSTITUTE FOR OCCUPATIONAL SAFETY AND HEALTH AMD THE MINE SAFETY Os
AND HEALTH ADMINISTRATION' ( N IOSH-MSHA ) . g

AN'Y DUST AND MIST RESPIRATOR WITH A FULL FACEPIECE.
ANY AIR-PURIFYING FULL FACEPIECE RESPIRATOR WITH A HIGH-EFFICIENCY

PARTICIPATE F ILTER.
ANY POWERED AIR-PURIFYING RESPIRATOR WITH A T IGHT-F ITT ING FACEP IECE \N 'D

HTGH-FFF IC IENCY PARTICIPATE FILTER.
ANY TYPE 'C' SUPPLIED-AIR RESPIRATOR WITH A FULL FACEPTECE OPERATED EN

PRESSURE-DEMAND OR OTHER POSITIVE PRESSURE MODE OR WITH A FULL FACEP IECE ,
HELMET OR HOOD OPERATED IN CONTINUOUS-FLOW MODE .

ANY SELF-CONTAINED BREATHING APPARATUS WITH A FUT.L FACEPIECF OPERATED IN
PRESSURE-DEMAND OR OTHER POSITIVE PRESSURE MODE .

FOR FIREFIGHTING ^ND ' OTHER IMMED IATELY DANGEROUS TO LIFE OR HEALTH CONDIT ION 'S :

ANY SELF-CONTAINED BREATHING APPARATUS WITH FULL FACEPIECE OPERATED IN
PRESSURE-DEMAND OR OTHER POSITIVE PRESSURE MODE .

ANY SUPPT . I ED -A IR RESPIRATOR WITH FULL FACEPIECE AND OPERATED IN
PRESSURE-DEMAND OR OTHER POSITIVE PRESSURE MODE IN COMBINATION WITH AN
AUXIL IARY SELF-CONTAINED BREATHING APPARATUS OPERATED IN PRESSURE-DEMAND
OR OTHER POSITIVE PRESSURE MODE.

CLOTHING:
EMPLOYEE MUST WEAR APPROPRIATE PROTECTIVE ( IMPERV IOUS ) CLOTHING AND EQUIPMENT
TO PREVENT ANY POSSIBIL ITY OF SKIN CONTACT WITH THIS SUBSTANCE.
GLOVES :
EMPLOYEE MUST WEAR APPROPRIATE PROTECTIVE GLOVES TO PREVENT CONTACT WITH THIS
SUBSTANCE .

EYE PROTECTION:
EMPLOYEE MUST WEAR SPLASH-PROOF OR DUST-RESISTANT SAFETY GOGGLES AND A
FACESHIELD TO PREVENT CONTACT WITH THIS SUBSTANCE.
EMERGENCY WASH FACIL IT IES :
WHERE THERE IS ANY POSSIBILITY THAT AN EMPLOYEE 'S EYES AND/OR SKIN MAY BE
EXPOSED TO THIS SUBSTANCE, THE EMPLOYER SHOULD PROVIDE AN EYE WASH FOUNTAIN
AND QUICK DRENCH SHOWER WITHIN THE IMMEDIATE WORK AREA FOR EMERGENCY USE .

AUTHORIZED BY- OCCUPATIONAL HEALTH SERVICES, INC.

CREATION DATE: 0 3 / 1 8 / 8 5 REVISION DATE: 1 . 2 / 0 3 / 9 0
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MATERIAL SAFETY DATA SHEET
OCCUPATIONAL HEALTH SERVICES, INC. FOR EMERGENCY SOURCE INFORMATIO *O
1 1 WEST 42ND STREET, 12TH FLOOR CONTACT: 1 - 6 1 5 - 3 6 6 - 2 0 0 0 S
NEW YORK, NEW YORK 1 0 0 3 6 Os
1 -800 -445 -MSDS ( 1 - 8 0 0 - 4 4 5 - 6 7 3 7 ) OR 1 -2 12- 7 R 9 - 3 5 3 5 g

SUBSTANCE IDENTIF ICATION

CAS-NUMBER 2 0 5 - 9 9 - 2
n __ ^ __ RTEC- NUMBER CU 14 0 0 0 0 0

SUBSTANCE:
TRADE NAMES/SYNONYMS:

BENZ ( E ) ACEPHENANTHRYLENE : 3 , 4-BEN ( E ) ACEPHENANTHRYLENE :
2 , 3-BEN7FLUORANTHENE: 3 , 4-BENZFLUORANTHENE : BENZO( E ) FLUORANTHENE :
B ( B ) F : 2 ,3 -BENZOFLUORANTHENE : 3 , 4-BENZOFLUORANTHENE : C 2 0 H 1 2 :
OHS02680

CHEMICAL FAMILY :
HYDROCARBON, POLYNUCLEAR

MOLECULAR FORMULA: C20-H 12 MOLECULAR WEIGHT: 2 5 2 . 3 2
CERCLA RATINGS ( SCALE 0 - 3 ) : HEALTH=3 FIRE=1 REACTIVITY=0 PERS ISTENCE=3
NFPA RATINGS (SCALE 0 - 4 ) : HEALTHS FIRE=1 REACTIVITY=0

COMPONENTS AND CONTAMINANTS
COMPONENT: BENZO( B) FLUORANTHENE CAS* 205-99-2 PFRCENT : 100
OTHER CONTAMINANTS: NONE
EXPOSURE LIMIT:

COAL TAR PITCH VOLATILES (POLYCYCLIC AROMATIC HYDROCARBONS) :
0 .2 MG ./M3 OSHA TWA (AS BENZENE SOLUBLES)
0 .2 MG/M3 ACGIH TWA (AS BENZENE SOLUBLES)
ACGTH A l -TONFTRMED HUMAN CARCINOGEN.
0.1 MG/M3 NIOSH RECOMMENDED 10 HOUR TWA (CYCLOHEXANE-EXTRACTABLE FRACTION)

BENZO ( R } FLUORANTHENE :
1 POUND CERCLA SECTION 103 REPORTABLE QUANTITY
SUBJECT TO CALIFORNIA PROPOSITION 65 CANCER AND/OR REPRODUCTIVE TOXICITY

WARNING AND RELEASE REQUIREMENTS- (JULY 1 , 1 9 8 7 )

PHYSICAL DATA

DESCRIPTION: COLORLESS NEEDLES.
MELTING POINT: 334 F ( 1 6 8 C) SOLUBILITY IN WATER: INSOLUBLE
OTHER SOLVENTS (SOLVENT - SOLUBIL ITY) :
ORGANIC SOLVENTS
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FIRE AND EXPLOSION DATA
FIRE AND EXPLOSION HAZARD
SLIGHT FIRE HAZARD WHEN EXPOSED TO HEAT OR FLAME .

OO
FIREFIGHTING MEDIA:
DRY CHEMICAL, CARBON D IOXIDE , WATER SPRAY OR REGULAR FOAM
( 1 9 9 0 EMERGENCY RESPONSE GUIDEBOOK, DOT P 5 8 0 0 . 5 ) .
FOR LARGER F IRES , USE WATER SPRAY , FOG OR REGULAR FOAM
( 1 9 9 0 EMERGENCY RESPONSE GUIDEBOOK, DOT P 5 8 0 0 . 5 ) .

FIREFIGHTING:
MOVE CONTAINER FROM FIRE AREA IF YOU CAN DO IT WITHOUT R ISK . DO NOT SCATTER
SPILLED MATERIAL WITH HIGH-PRESSURE WATER STREAMS. DIKE FIRE-CONTROL WATER FOR
LATER DISPOSAL ( 1 9 9 0 EMERGENCY RESPONSE GUIDEBOOK, DOT P 5 8 0 0 . 5 , GUIDE
PAGF m ) .
USE AGENTS SUITABLE FOR TYPE OF SURROUND T MO F T R F . AVOID BREATHING HAZARDOUS
VAPORS . KEEP UPWIND .

TOXICITY
BENZOL B ) Fl UORANTHENE :
TOXIC ITY DATA: Mt'TAGENTC DATA ( RTECS ) ; TUMORIGFNTC DATA (RTECS) .
CARCINOGEN STATUS: ANTICIPATED HUMAN CARCINOGEN (NTP) ; ANIMAL SUFFICIENT'EVIDENCE UARC GROUP-2B ) . IT HAS PRODUCED SKIN TUMORS IN MICE FOLLOWING

REPEATED SKIN PAINT INGS. IT IS ALSO AN INITIATOR OF SKIN CARCINOGENESIS
IN M IC^ AND PRODUCED LOCAL SARCOMAS AFTER SUBCUTANEOUS INJECTION.

LOCAL EFFECTS: IRRITANT- INHALATION, SKIN, EYE.
ACUTE TOXICITY LEVEL: NO DATA AVAILABLE .
TARGET EFFECTS: SENSIT IZER- SK IN . POISONING MAY AFFECT THE LUNGS.

HEALTH EFFECTS AND FIRST AID
INHALAT ION :
BENZO(B)FLUORANTHENE:
IRRITANT.

ACUTE EXPOSURE- MAY CAUSE RESPIRATORY IRRITATION, COUGH, DYSPNEA, AND
PULMONARY EDEMA.

CHRONIC EXPOSURE- REPEATED OR PROLONGED EXPOSURE MAY CAUSE BRONCHITIS.
EXPOSURE IS ASSOCIATED WITH CANCERS OF THE LUNGS, BLADDER, KIDNEYS, AND
AMD GASTROINTESTINAL TRACT.

FIRST AID- REMOVE FROM EXPOSURE AREA TO FRESH AIR IMMEDIATELY. IF BREATHING
HAS STOPPED, PERFORM ARTIFICIAL RESPIRATION. KEEP PERSON WARM AND AT REST,
TREAT SYMPTOMATICALLY AND SUPPORTIVELY. GET MEDICAL ATTENTION IMMEDIATELY,

SKIN CONTACT:
BENZO(B)FLUORANTHENE:
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IRRITANT/SENSITIZER/rARCTNOGEN.ACUTE EXPOSURE- DELAYED EFFECTS ARE ERYTHEMA AND SWELL ING , WHICH APPEARS AFFW HOURS AFTER EXPOSURE OF SKIN SURFACES TO ULTRAVIOLET LIGHT.HYPERMELANOSIS IS COMMON. INTENSE CONTACT HAS CAUSED ACNE AND/ORFOLLICULITIS . DESQUAMATION , P IGMENTATION, DERMATIT IS , AND THERMAL BURNSHAVE ALSO OCCURRED. ALLERGIC DERMATITIS IS RARE.CHRONIC EXPOSURE- HAS PRODUCED SKIN TUMORS IN MICE FOLLOWING REPEATED SKINPAINTINGS. MAY ALSO PRODUCE LEUKODERMA.
FIRST AID- REMOVE CONTAMINATED CLOTHING AND SHOES IMMEDIATFLY. WASH AFFECTEDAREA WITH SOAP OR MILD DETERGENT AND LARGE AMOUNTS OF WATER UNTIL NOEVIDENCE OF CHEM ICAL REMAINS (APPROXIMATELY 1 5 - 2 0 M I N U T E S ) . GET MEDICALATTENTION IMMEDIATELY.
EYE CONTACT:BENZO(B )FLUORANTHENE :IRRITANT.ACUTE EXPOSURE- DELAYED IRRITATION MAY OCCUR, WITH CONJUNCTIVAL ERYTHEMA,LACRIMATTON, PALPEBRAL EDEMA, PHOTOPHOBIA, AND CORNEAL ULCERATION.CHRONIC EXPOSURE- PROLONGED 1 . . . ."RE MAY PRODUCE THE SAME EFFECTS AS ACUTEEXPOSURE.
FIRST AID- W A S H EYES IMMEDIATELY WITH LARGE AMOUNTS OF WATER OR NORMAL SAL INE ,OCCASIONALLY LIFTING UPPER AND LOWFR L IDS , UNTIL NO EVIDENCE OF CHEMICALREMA INS (APPROXIMATELY 1 5 - 2 0 M I N U T E S ) . GET MEDICAL ATTENTION IMMEDIATELY.
INGESTION:BENZO(B )FLUORANTHENE :ACUTE EXPOSURE- INGESTION MAY CAUSE n i zZIN 'ESS, NAUSEA AND VOMITTVG,WEAKNESS, HEADACHE, TIGHTNESS IN THE CHEST, AND STAGGERING. IF LARGERAMOUNTS HAVE BEEN INGESTED, THESE SYMPTOMS MAY PROGRESS TO VISUALDISTURBANCES, TREMORS, SHALLOW AND RAPID RESPIRATION. CONVULSIONS ANDCOMA . VIOLENT EXCITEMENT OR DELIRIUM MAY PRECEDE UNCONSCIOUSNESS . KIDNEYOR LIVER DAMAGE MAY OCCUR.CHRONIC EXPOSURE- HAS NOT BEEN REPORTED IN HUMANS.

FIRST AID- IF VICTIM IS CONSCIOUS, REMOVE INGESTED POISON BY GASTRIC LAVAGE,WITH ACTIVATED CHARCOAL AND A CUFFED ENDOTRACHEAL TUBE TO PREVENTASP IRAT ION . IN THE ABSENCE OF DEPRESSION, CONVULSION OR IMPAIRED GAGREFLEX, IPECAC EMESIS CAN ALSO BE DONE WITHOUT INCREASING THE HAZARD OFASPIRATION. WHEN VOMITING OCCURS, HOLD THE PATIENT WITH HEAD LOWER THANHIPS TO HELP PREVENT PULMONARY ASPIRATION. AFTER VOMITING STOPS, GIVE 30TO 60 ML OF FLEET 'S PHOSPHO-SODA DILUTED 1 :4 IN WATER. (DRE ISBACH,HANDBOOK OF POISONING, 1 1TH E D . ) .
ANTIDOTE:NO SPECIFIC ANTIDOTE. TREAT SYMPTOMATICALLY AND SUPPORTIVELY.

REACTIVITY SECTION

REACTIVITY:
STABLE UNDER NORMAL TEMPERATURES AND PRESSURES.
INCOMPATIB IL IT IES :
BENZO(B)FLUORANTHENE:

OXIDIZERS ( STRONG ) : FIRE AND EXPLOSION HAZARD.

009608



DECOMPOSIT ION :
THERMAL DECOMPOSITION MAY RELEASE ACRID SMOKE AND IRRITATING FUMES.
POLYMERIZATION: O
HAZARDOUS POLYMERIZATION HAS NOT BEEN REPORTED TO OCCUR UNDER NORMAL ^
TEMPERATURES AND PRESSURES.

STORAGE-DISPOSAL
OBSERVE ALL FEDERAL, STATE AND LOCAL REGULATIONS WHEN STORING OR DISPOSING
OF THIS SUBSTANCE. FOR ASS ISTANCE , CONTACT THE DISTRICT DIRECTOR OF THE
ENVIRONMENTAL PROTECTION AGENCY.

CONDIT IONS TO AVOID
MAY BURN RUT HOES NOT TGVITE READILY. AVOID CONTACT WITH STRONG OXID IZERS ,
EXCESSIVE HEAT, S P A R K S , OR OPEN FLAME.

SPILLS AND LEAKS
SOIL -RELEASE :
DIG HOLDING AREA SUCH AS LAGOON, POND OR PIT FOR CONTAINMENT.
USE PROTECTIVE COVER SUCH AS A PLASTIC SHEET TO PREVENT MATERIAL FROM
DISSOLVING IN FIRE EXTINGUISHING WATER OR RAIN .
WATER -SP I L L :
USE ACTIVATED CARBON TO ABSORB SPILLED SUBSTANCE THAT IS DISSOLVED.
TSF SUCTION HOSES TO REMOVE TRAPPED SPILL MATERIAL.
USE MECHANICAL DREDGES OR LIFTS TO EXTRACT IMMOBILIZED MASSES OF POLLUTION AND
PRECIP ITATES .
THE CALIFORNIA SAFE DRINKING WATER AND TOXIC ENFORCEMENT ACT OF 1 9 8 6
(PROPOSIT ION 65) PROHIBITS CONTAMINATING ANY KNOWN SOURCE OF DRINKING WATER
WITH SUBSTANCES KNOWN TO CAUSE CANCER AND/OR REPRODUCTIVE TOXICITY.
OCCUPATIONAL-SPILL:
SWEEP UP AND PLACE IN SUITABLE CLEAN, DRY CONTAINERS FOR RECLAMATION OR LATER
DISPOSAL. DO NOT FLUSH SPILLED MATERIAL INTO SEWER. KEEP UNNECESSARY PEOPLE
AWAY.
REPORTABLE QUANTITY ( R Q ) : 1 POUND
THE SUPERFUND AMENDMENTS AND REAUTHORIZATION ACT ' S A R A ) SECTION 304 REQUIRES
THAT A RELEASE EQUAL TO OR GREATER THAN THE REPORTABLE QUANTITY FOR THIS
SUBSTANCE BE IMMEDIATELY REPORTED TO THE LOCAL EMERGENCY PLANNING COMMITTEE
AND THE STATE EMERGENCY RESPONSE COMMISS ION (40 rpR 3 5 5 . 4 0 ) . IF THE RELEASE OF
THIS SUBSTANCE IS REPORTABLE UNDER CERCLA SECTION 1 0 3 , THE NATIONAL RESPONSE
CENTER MUST BE NOTIFIED IMMEDIATELY AT ( 8 0 0 ) 4 2 4 - 8 8 0 2 OR ( 2 0 2 ) 4 2 6 - 2 6 7 5 IN THE
METROPOLITAN WASHINGTON; D . C . AREA (40 CFR 3 0 2 . 6 ) .
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PROTECTIVE EQUIPMENT SECTION OO
VENTILATION:
PROVIDE LOCAL EXHAUST VENTILATION AND/OR GENERAL D ILUT ION VENTILATION TO MEE
PUBLISHED EXPOSURE L IMITS .
RESP IRATOR :
THE FOLLOWING RESPIRATORS ARE RECOMMENDED BASED ON I N F O R M A T I O N FO"ND IN THE

PHYS ICAL D A T A , TOXICITY AND HEALTH EFFECTS SE rT IONS . THEY ARE RANKED TVORDER FROM MINIMUM TO MAXIMUM RESPIRATORY PROTECTION.THE SPECIF IC RESPIRATOR SELECTED MUST BE BASED ON CONTAMINATION LEVELS FOUNDIN THE WORK PLACE, MUST BE BASED ON THF SPECIF IC OPERATION; MUST N'OT EXCEEDTHE WORKING L IMITS OF THE RESPIRATOR AND MUST BE JOINTLY APPROVED BY THENATIONAL INSTITUTE FOR OCCUPATIONAL SAFETY AND HEALTH AND THE MINE SAFETYAND HEALTH ADMIN ISTRAT ION ( N I O S H - M S H A ) .

ANY TYPE '^' SUPPLIED-AIR RESPIRATOR WITH A FULL FACEPIECE OPERATED INPRESSURE -DEMAND OR OTHER POSITIVE PRESSURE MODE OR WITH A FULL FACEPIECE,HELMET OR HOOD OPERATED IN CONTINOUS-FLOW MODE.
ANY SF I . F -CONTATNEP BREATHING APPARATUS WITH A FULL FACEPIECE OPERATED TNPRESSURE-DEMAND OR OTHER POSITIVE PRESSURE MODE .

FOR F IREF IGHTTNG AND OTHER IMMEDIATELY DANGEROUS TO LIFE OR HEALTH CONDIT IONS :
ANY SELF-CONTAINED BREATHING APPARATUS WITH FULL FACEPTECE OPERATED INPRESSURE-DEMAND OR OTHER POSITIVE PRESSURE MODE.
ANY SUPPL IED-A IR RESPIRATOR WITH FULL FACEPIECE AND OPERATED INPRESSURE-DEMAND OR OTHER POSITIVE PRESSURE MODE TN COMBINAT ION WITH ANAUXIL IARY SELF-CONTAINED BREATHING APPARATUS OPERATED IN PRESSURE-HEM ANDOR OTHER POSITIVE PRESSURE MODE.

CLOTHING:EMPLOYEE MUST WEAR APPROPRIATE PROTECTIVE ( IMPERVIOUS ) C IOTH ING AND EQUIPMENTTO PREVENT ANY POSSIBILITY OF SKIN CONTACT WITH THIS SUBSTANCE.
GLOVES:
EMPLOYEE MUST WEAR APPROPRIATE PROTECTIVE GLOVES TO PREVENT rrwTACT WITH THIS
SUBSTANCE.

EYE PROTECTION:
EMPLOYEE MUST WEAR SPLASH-PROOF OR DUST-RESISTANT SAFETY GOGGLES AND A
FACESHIELD TO PREVENT CONTACT WITH THIS SUBSTANCE.
EMERGENCY WASH FACILITIES:
WHERE THERE IS ANY POSSIBIL ITY THAT AN EMPLOYEE'S EYES AND/OR SKIN MAY BE
EXPOSED TO THIS SUBSTANCE, THE EMPLOYER SHOULD PROVIDE AN EYE WASH FOUNTAIN
AND QUICK DRENCH SHOWER WITHIN THE IMMEDIATE WORK AREA FOR EMERGENCY ' T SE .

AUTHORIZED BY- OCCUPATIONAL HEALTH SERVICES, INC.
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CREATION DATE: 0 3 / 1 8 / 8 5 REVISION DATE: 1 2 / 0 3 / 9 0
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MATERIAL SAFETY DATA SHEET
OCCUPATIONAL HEALTH SERVICES , INC. FOR EMERGENCY SOURCE INFORMATION
11 WEST 42ND STREET, 12TH FLOOR CONTACT: 1 - 8 1 5 - 3 6 6 - 2 0 0 0
NEW YORK, NEW YORK 1 0 0 3 6
1 -800-445-MSDS ( 1 - 8 0 0 - 4 4 5 - 6 7 3 7 ) OR 1 - 2 1 2 - 7 8 9 - 3 5 3 5

SUBSTANCE IDENTIFICATION
CAS-NUMBER 5 0 - 3 2 - 8
RTEC-Nl'MBER D J 3 6 7 5 0 0 0

SUBSTANCE:
TRADE NAMES/SYNONYMS:

3,4-BENZOPYRENE: 6,7-BENZOPYRENE: BENZOfD ,E , F ) -CHRYSENE : B ( A ) P :
3 , 4 - B P : 3 ,4-BENZPYRENE : 3 , 4 - B E N Z ( A ) P Y R E N E : 3 ,4 -BENZYLPYRENE : RCRA
U 0 2 2 : C 2 0 H 1 2 : OHS02670

CHEMICAL FAMILY:
HYDROCARBON, POLYNUCLEAR

MOLECULAR FORMULA: C 2 0 - H 1 2 MOLECULAR WEIGHT: 2 5 2 . 3 2
CERCLA RATINGS ( SCALE 0 - 3 ) : HEALTH=3 F IRE= 1 REACTIVITY=0 PERSISTENCE^
MFPA RATINGS (SCALE 0 - 4 ) : HEALTH=U F IRE= 1 REACTIVTTY = 0

COMPONENTS AND CONTAMINANTS
COMPONENT: BENZO(A)PYRENE CAS* 50 -32 -8 PERCENT: 100
OTHER CONTAMINANTS: NONE
EXPOSURE LIMIT:

COAL TAR PITCH VOLATILES (POLYCYCLIC AROMATIC HYDROCARBONS) :
0.2 MG/M3 OSHA TWA (AS BENZENE SOLUBLES)
0 .2 MG/M3 ACGIH TWA (AS BENZENE SOLUBLES )
ACGIH Al-CONFIRMED HUMAN CARCINOGEN.
0 . 1 MG/M3 NIOSH RECOMMENDED 10 HOUR TWA (CYCLOHEXANE-EXTRACTABLE FRACTION)

BENZO(A)PYRENE :
ACGIH A2-SUSPECTED HUMAN CARCINOGEN.
1 POUND CERCLA SECTION 103 REPORTABLF QUANTITY
SUBJECT TO CALIFORNIA PROPOSITION 65 CANCER AND/OR REPRODUCTIVE TOXICITY

WARNING AND RELEASE REQUIREMENTS- (JULY 1 , 1 9 8 7 )

PHYSICAL DATA

DESCRIPTION: YELLOW CRYSTALS WITH A FAINT AROMATIC ODOR.
BOILING POINT: 590-594 F ( 3 1 0 - 3 1 2 C)

< » 10 MMHG MELTING POINT: 3 4 9 - 3 5 1 F ( 1 7 6 - 1 7 7 C)
SPECIFIC GRAVITY: 1 . 3 5 SOLUBILITY IN WATER: INSOLUBLE
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VAPOR PRESSURE: < 1 . 0 MMHG @ 25 C
OTHER SOLVENTS (SOLVENT - SOLUBILITY): <^>
BENZENE, TOLUENE, XYLENE; SPARINGLY SOLUBLE IN ALCOHOL ^——————————————————————————————————————————————————— ——;__——————————————. <ôoFIRE AND EXPLOSION DATA

FIRE AND EXPLOSION HAZARD
SLIGHT FIRE HAZARD WHEN EXPOSED TO HEAT OR FLAME.
DUST-AIR MIXTURES MAY IGNITE OR EXPLODE.

FIREFIGHTING MEDIA:
DRY CHEMICAL , CARBON DIOXIDE, WATER SPRAY OR REGULAR FOAM
( 1 9 9 0 EMERGENCY RESPONSE GUIDEBOOK, DOT P 5 8 0 0 . 5 ) .
FOR LARGER FIRES, USE WATER SPRAY , FOG OR REGULAR FOAM
( 1 9 9 0 EMERGENCY RESPONSE GUIDEBOOK, DOT P 5 8 0 0 . 5 ) .

F I REFTGHTT\G :
MOVE CONTAINER FROM FIRE AREA IF YOU ("AN 00 IT WITHOUT R ISK . DO NOT SCATTER
SPILLED MATERIAL WITH H IGH-PRESSURE WATER STREAMS. DIKE F IRE-CONTROL WATER FOR
LATER D ISPOSAL ( 1 9 9 0 EMERGENCY RESPONSE GUIDEBOOK, DOT P 5 8 0 0 . 5 , GUIDE
PAGE 3 1 ) .
USE AGENTS SUITABLE FOR TYPE OF SURROUNDING FIRE. AVOID BREATHING HAZARDOUS
VAPORS , KEEP UPWIND.

TOXICTTY

BENZO (A )PYRENE :
IRRITATION DATA: 14 UG SKIN-MOUSE MILD .
TOXICTTY DATA: 50 MG/KG SUBCUTANEOUS-RAT LD50 ; 500 MG/KG INTRAPERITONEAL-MOUSE

LDLO; MUTAGENIC DATA (RTECS) ; REPRODUCTIVE EFFECTS DATA (RTECS ) ; TUMORIGENIC
DATA (RTECS ) .

CARCINOGEN STATUS: ANTICIPATED HUMAN CARCINOGEN ( N T P ) ; ANIMAL SUFFICIENT
EVIDENCE ( IARC GROUP-2A ) . BENZOfA )PYRENE , ADMINISTERED BY A NUMBER OF
ROUTES, EXHIBITED A LOCAL AND SYSTEMIC CARCINOGENIC EFFECT IN ALL NINE
SPECIES IN WHICH IT WAS TESTED. NO EPTDEMIOLOGICAL STUDIES ON THE
SIGNIFICANCE OF BENZO(A)PYRENE EXPOSURE TO MAN ARE AVAILABLE , HOWEVER,
COAL-TAR AND OTHER MATERIALS WHICH ARE KNOWN TO BE CARCINOGENIC TO MAN MAY
CONTAIN BENZO(A )PYRENE .

ACUTE TOXICITY LEVEL: INSUFFICIENT DATA.
TARGET EFFECTS: POISONING MAY AFFECT THE LUNGS AND SK IN . *
AT INCREASED RISK FROM EXPOSURE: PERSONS WITH PRE-EXISTING SKIN D ISORDERS . *
ADDITIONAL INFORMATION: MAY CROSS THE PLACENTA. MAY CAUSE IMMUNOSUPPRESSION.
* MAY BE BASED ON GENERAL COAL TAR PRODUCT INFORMATION.

HEALTH EFFECTS AND FIRST AID
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INHALATION:
BENZO (A )PYRENE :
CARCINOGEN 1 .

ACUTE EXPOSURE- COAL TAR PRODUCT FUMES MAY CAUSE IRRITATION OF THE
RESPIRATORY TRACT WITH COUGHING, SNEEZINAG, AND SWOLLEN NASAL MUCOSA AND
SINUSES. MAY ALSO CAUSE GASTROINTESTINAL EFFECTS.

CHRONIC EXPOSURE- REPEATED EXPOSURE TO 9 .5 MG/M3 AND 4 6 . 5 MG/M3 RESULTED
IN TUMORS OF THE NASAL CAVITY, PHARYNX, LARYNX, AND TRACHEA IN HAMSTERS.
PAPILLOMAS, PAPILLARY POLYPS , AND SQUAMOUS CELL CARCINOMAS IN THE
ESOPHAGUS AND FORESTOMACH WERE ALSO OBSERVED FOLLOWING CHRONIC EXPOSURE
TO 4 6 . 5 M G / M 3 . REPEATED AND PROLONGED EXPOSURE TO COAL TAR PRODUCTS MAY
CAUSE CHRONIC BRONCHIT IS , GUM D ISEASE , AND INCREASED MORTALITY DUE TO
LUNG CANCER.

FIRST AID- REMOVE FROM EXPOSURE AREA TO FRESH AIR IMMEDIATELY. IF BREATHING
HAS STOPPED, PERFORM ARTIFICIAL RESPIRATION. KEEP PERSON WARM AND AT REST.
TREAT SYMPTOMATICALLY AND SUPPORTIVELY. GET MEDICAL ATTENTION IMMEDIATELY.

SKIN r-QNTACT:
B E N Z O ( A ) P Y R E N E :
CARCINOGEN .

ACUTE EXPOSURE- MAY CAUSE IRR ITAT ION . AN APPL ICATION op 120 UG CAUSED AN
ALLERGIC CONTACT HYPERSENSITIVTTY TV PREVIOUSLY EXPOSED M ICE . A S INGIF
APPLICATION OF 752 UG OF BENZO(A )PYRENE IN TOLUENE TO 13 MICE RESULTED
IN PAPILLOMAS IN 2 ANIMALS AND A CARCINOMA IN ONE. RENZO (A )PYRENE MAY
ALSO ACT AS AN INITIATOR. EXPOSURE TO COAL TAR PRODUCTS MAY CAUSE
PHOTOTOXIC REACTIONS , ESPECIALLY IN AREAS EXPOSED TO SUN OR ULTRAVIOLET
LIGHT. SYMPTOMS MAY INCLUDE ERYTHEMA, LOCAL DESQUAMATION, BURNING AND
TINGLING SENSATIONS, ITCHING, EDEMA, PAPULAR DERMATITIS, AND THERMAL
BURNS.

CHRONIC EXPOSURE- REPEATED DERMAL APPLICATIONS OF 1% BENZO(A)PYRENE TO
HUMAN SKIN RESULTED IN REGRESSIVE VERRUCAE. NUCLEOLAR ENLARGEMENT WAS
OBSERVED IN HUMAN VOLUNTEERS PAINTED DAILY FOR 4 CONSECUTIVE DAYS WITH
BENZO(A )PYRENE . REPEATED APPLICATION OF BENZO(AJPYRENE IN A VARIETY OF
SOLVENTS TO A VUMBER OF ANIMAL SPECIES RESULTED IN SKIN PAPILLOMAS AND
CARCINOMAS . THE INCIDENCE OF BENIGN AND MALIGNANT TUMORS INCREASED AND
THE LATENCY PERIOD DECREASED WITH HIGHER CONCENTRATIONS. REPEATED EXPOSURE
TO SOME COAL TAR PRODUCTS MAY CAUSE PHOTOSENSITIVITY WITH HYPERMELANOSIS ,
CORNTFICATION OF SURFACE LAYERS, AND TELANGIOECTASIS. SEVERE CHRONIC
PHOTODERMATITIS MAY RESULT IN LEUKODERMA.

FIRST AID- REMOVE CONTAMINATED CLOTHING AND SHOES IMMEDIATELY. WASH AFFECTED
AREA WITH SOAP OR MILD DETERGENT AND LARGE AMOUNTS OF WATER UNTIL NO
EVIDENCE OF CHEMICAL REMAINS (APPROXIMATELY 1 5 - 2 0 M INUTES ) . GET MEDICAL
ATTENTION IMMEDIATELY.

EYE CONTACT:
BENZO(A )PYRENE :

ACUTE EXPOSURE- MAY CAUSE IRRITATION. EXPOSURE TO COAL TAR PRODUCT FUMES
MAY CAUSE LACRIMATION, PHOTOPHOBIA, EDEMA OF THE EYELIDS, BURNING, i
PURULENT DISCHARGE, AND CON.TUNCTIVAL HYPEREMIA.

CHRONIC EXPOSURE- REPEATED AND PROLONGED EXPOSURE TO COAL TAR PRODUCT FUMES
MAY CAUSE CONJUNCTIVITIS AND PTERGIA.

FIRST AID- WASH EYES IMMEDIATELY WITH LARGE AMOUNTS OF WATER OR NORMAL SALINE,
OCCASIONALLY LIFTING UPPER AND LOWER L IDS, UNTIL NO EVIDENCE OF CHEMICAL
REMAINS (APPROXIMATELY 1 5 -20 MINUTES ) . GET MEDICAL ATTENTION IMMEDIATELY.
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INGESTTON:
BENZO(A )PYRENE :
CARCINOGEN.

ACUTE EXPOSURE- ACUTE INTRAGASTRIC ADMINISTRATION OF 50 OR 150 MG/KG ^
RESULTED IN ENZYME ALTERATIONS IN THE MUCOSA OF THE GASTROINTESTINAL ^
TRACT. A SINGLE DOSE OF 0.2 MG IN POLYETHYLENE GLYCOL TO MICE RESULTED ON
IN 14 TUMORS IN 5 OUT OF 11 ANIMALS TESTED. A SINGLE ORAL DOSE OF §
100 MG TO FEMALE RATS PRODUCED MAMMARY TUMORS IN 8 OF 9 AN IMALS .

CHRONIC EXPOSURE- REPEATED INGESTION OF 120 MG/KG PER DAY FOR 180 DAYS
RESULTED IN DECREASED SURVIVAL TIME IN SOME STRAINS OF MICE . DEATH WAS
CAUSED BY BONE MARROW DEPRESSION WITH APLASTIC ANEMIA AND PANYCTOPENIA,
LEADING TO HEMORRHAGE OR INFECTION. MICF FFD A DIET CONTAINING 250 PPM
BEVZO(A )PYRENE FOR 140 DAYS DEVELOPED LEUKEMIAS AND LUNG ADENOMAS IN
ADDITION TO STOMACH TUMORS. RATS FED DAILY DOSES OF 2.5 MG DEVELOPED
PAPILLOMAS IN THE ESOPHAGUS AND FORESTOMACH IN 3 OF 40 AN IMALS . BI-WEEKLY
ADMINISTRATION OF 2-5 MG IN OIL TO HAMSTERS RESULTED IN PAPILLOMAS AND
CARCINOMAS OF THE STOMACH, WITH THE INCIDENCE DEPENDENT UPON THE LENGTH
OF ADMIN ISTRATION . HAMSTERS FED A DIET CONTAINING 500 PPM 4 DAYS PERWEEK FOR UP To u MONTHS DEVELOPED TUMORS OF THE FORFSTOMAPH, ESOPHAGUS
AND INTESTINE. EFFECTS ON FERTILITY AND EFFECTS ON THE EMBRYO OR FETUS
HAVE BEEN REPORTED FOLLOWING CHRONIC TNGESTION BY RODENTS. CHRONIC
FEEDING OF f"OAL TAR PRODUCTS TO AN IMALS CAUSED LIVER AND LUNG DAMAGE AND
DEATH.

FIRST AID- IF VICTIM IS CONSCIOUS, REMOVE INGESTED POISON BY GASTRIC LAVAGE,
WITH ACTIVATED rHARCOAL AND A CUFFED ENDOTRACHEAL TUBE TO PREVENT
ASPIRATION. IN THE ABSENCE OF DEPRESS ION , CONVULSION OR IMPAIRED GAG
REFLEX, IPECAC EMESIS CAN ALSO BE DONE WITHOUT INCREASING THE HAZARD OF
ASPIRATION. WHEN VOMITING OCCURS, HOLD THE PATIENT WITH HEAD LOWER THAN
HIPS TO HELP PREVENT PULMONARY ASPIRATION. AFTER VOMITING STOPS, GIVE 30
TO 60 ML OF FLEET 'S PHOSPHO-SODA DILUTED 1 :4 IN WATER. (DRE ISBACH ,
HANDBOOK OF POISONING, 11TH E D . ) .

ANTIDOTE:
N'O SPECIF IC ANTIDOTE. TREAT SYMPTOMATICALLY AND SUPPORTTVELY.

REACTIVITY SECTION
REACTIVITY:
STABLE UNDER NORMAL TEMPERATURES AND PRESSURES.
INCOMPATIBILITIES:
BENZO (A )PVRENE :

OXIDIZERS (STRONG) : FIRE AND EXPLOSION HAZARD.
DECOMPOSITION:
THERMAL DECOMPOSITION MAY RELEASE ACRID SMOKE AND IRRITATING FUMES.
POLYMERIZATION:
HAZARDOUS POLYMERIZATION HAS NOT BEEN REPORTED TO OCCUR UNDER N'ORMAL
TEMPERATURES AND PRESSURES.

STORAGE-DISPOSAL
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OBSERVE ALL FEDERAL, STATE AND LOCAL REGULATIONS WHEN STORING OR DISPOSING
OF THIS SUBSTANCE. FOR ASSISTANCE, CONTACT THE DISTRICT DIRECTOR OF THE ^
ENVIRONMENTAL PROTECTION AGENCY. ^OO\Oo

* *D ISPOSAL * *
D ISPOSAL MUST BE IN ACCORDANCE WITH STANDARDS APPLICABLE TO GENERATORS OF
HAZARDOUS WASTE , 40CFR 2 6 2 . EPA HAZARDOUS WASTE NUMBER U 0 2 2 .

CONDIT IONS TO AVOID
MAY BURN BUT DOES NOT IGNITE READILY. AVOID CONTACT WITH STRONG OXID IZERS ,
EXCESSIVE HEAT, SPARKS, OR OPEN FLAME.

SPILLS AND LEAKS
SO IL -RELEASE :
DIG HOLDING AREA SUCH AS LAGOON, POND OR PIT FOR CONTAINMENT .
. ' < ;r PROTECTIVE COVER SUCH AS A PLASTIC SHEET TO PREVENT MATERIAL FROM
DISSOLVING IN FIRE EXTINGUISH ING WATER OR RAIN .
WATER-SP ILL :
USE ACTIVATED CARBON TO ABSORB SPILLED SUBSTANCE THAT IS D ISSOLVED .
USE SUCTION HOSES TO REMOVE TRAPPED SPILL MATERIAL .
USE ^ECHANICAL DREDGES DR LIFTS TO EXTRACT IMMOBILIZED MASSES OF POLLUTION AND
PRECIP ITATES .
THE CALIFORNIA SAFE DRINKING WATER AND TOXIC ENFORCEMENT ACT OF 1986
(PROPOSIT ION 65) PROHIBITS CONTAMINATING ANY KNOWN SOURCE OF DRINKING WATER
WITH SUBSTANCES KNOWN TO CAUSE CANCER AND/OR REPRODUCTIVE TOXICITY.
OCCUPATIONAL-SPILL :
SWEEP UP AND PLACE IN SUITABLE CLEAN, DRY CONTAINERS FOR RECLAMATION OR LATER
D ISPOSAL . DO NOT FLUSH SPILLED MATERIAL INTO SEWER. KEEP UNNECESSARY PEOPLE
A W A Y .
REPORTABLE QUANTITY ( R Q ) : 1 POUND
THE SUPERFUND AMENDMENTS AND REAUTHORIZATION ACT (SARA) SECTION 304 REQUIRES
THAT A RELEASE EQUAL TO OR GREATER THAN THE REPORTABLE QUANTITY FOR THIS
SUBSTANCE BE IMMEDIATELY REPORTED TO THE LOCAL EMERGENCY PLANNING COMMITTEE
AND THE STATE EMERGENCY RESPONSE COMMISSION (40 CFR 3 5 5 . 4 0 ) . IF THE RELEASE OF
THIS SUBSTANCE IS REPORTABLE UNDER CERCLA SECTION 1 0 3 , THE NATIONAL RESPONSE
CENTER MUST BE NOTIFIED IMMEDIATELY AT ( 8 0 0 ) 4 2 4 - 8 8 0 2 OR ( 2 0 2 ) 4 2 6 - 2 6 7 5 IN THE
METROPOLITAN WASHINGTON, D . C . AREA (40 CFR 3 0 2 . 6 ) .

PROTECTIVE EQUIPMENT SECTION
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VENTILATION:
PROVIDE LOCAL EXHAUST OR PROCESS ENCLOSURE VENTILATION TO MEET PUBLISHED
EXPOSURE L IM ITS . r~«.

1—H

RESPIRATOR: ^
THE FOLLOWING RESPIRATORS ARE RECOMMENDED BASED ON INFORMATION FOUND IN THE O

PHYSICAL DATA, TOXICITY AND HEALTH EFFECTS SECTIONS . THEY ARE RANKED IN °
ORDER FROM MINIMUM TO MAXIMUM RESPIRATORY PROTECTION.

THE SPECIFIC RESPIRATOR SELECTED MUST BE BASED ON CONTAMINATION LEVELS FOUND
IN THE WORK PLACE , MUST BE BASED ON THE SPECIF IC OPERATION , MUST NOT EXCEE!
THE WORKING LIMITS OF THE RESPIRATOR AND MUST BE JOINTLY APPROVED BY THE
NATIONAL INSTITUTE FOR OCCUPATIONAL SAFETY AND HEALTH AND THE MIME SAFETY
AND HEALTH ADMINISTRATION (N IOSH-MSHA} .

ANY TYPE 'C' SUPPL IED-AIR RESPIRATOR WITH A FULL FACEPIECE OPERATED IN
PRESSURE-DEMAND OR OTHER POSITIVE PRESSURE MODE OR WITH A FULL FACEPIECE ,
HELMET OR HOOD OPERATED IN CONTINOUS-FLOW MODE.

ANY SELF-CONTAINED BREATHING APPARATUS WITH A FULL FACEPIECE OPERATED TN
PRESSURE-DEMAND OR OTHER POSITIVE PRESSURE MODE .

TOR F IREF IGHTING AND OTHER IMMEDIATELY DANGEROUS TO LIFE OR HEALTH CONDIT IONS :
ANY SELF-CONTAINED BREATHING APPARATUS WITH FULL FACEPIECE OPERATED IN

PRESSURE-DEMAND OR OTHER POSITIVE PRESSURE MODE .
ANY SUPPL IED-A IR RESPIRATOR WITH FULL FACEPIECE AND OPERATED IN

PRESSURE-DEMAND OR OTHER POSITIVE PRESSURE MODE IN COMBINATION WITH AN
AUXIL IARY SELF-CONTAINED BREATHING APPARATUS OPERATED TN PRESSURE-DEMAND
OR OTHER POSITIVE PRESSURE MODE.

CLOTHING:
EMPLOYEE MUST WEAR APPROPRIATE PROTECTIVE ( IMPERVIOUS ) CLOTHING AND EQUIPMENT
-O PREVENT ANY POSSIB IL ITY OF SKIN CONTACT WITH THIS SUBSTANCE .

GLOVES :
EMPLOYEE MUST WEAR APPROPRIATE PROTECTIVE GLOVES TO PREVENT CONTACT WITH THIS
SUBSTANCE .

EYE PROTECTION:
EMPLOYEE MUST WEAR SPLASH-PPOOF OR DUST-RES ISTANT SAFETY GOGGLES AVD A
FACESHIELD TO PREVENT CONTACT WITH THIS SUBSTANCF .
EMERGENCY WASH FACIL IT IES :WHERE THERE is ANY POSSIBILITY THAT AN EMPLOYEE'S EYES AND/OR SKIN MAY BE
EXPOSED TO THIS SUBSTANCE, THE EMPLOYER SHOULD PROVIDE AN EYE WASH FOUNTAIN
AND QUICK DRENCH SHOWER WITHIN THE IMMEDIATE WORK AREA FOR EMERGENCY USE .

AUTHORIZED BY- OCCUPATIONAL HEALTH SERVICES, INC.

CREATION DATE: 0 3 / 1 8 / 8 5 REVISION DATE : 1 2 / 0 3 / 9 0
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MATERIAL SAFETY DATA SHEET 4 ^
OCCUPATIONAL HEALTH SERVICES , INC. FOR EMERGENCY SOURCE INFORMATIO ^
1 1 WEST 42ND STREET, 12TH FLOOR CONTACT: 1 - 6 1 5 - 3 6 6 - 2 0 0 0 Q(
NEW YORK, NEW YORK 1 0 0 3 6 O
1 -800-445-MSDS ( 1 - 8 0 0 - 4 4 5 - 6 7 3 7 ) OR 1 - 2 1 2 - 7 8 9 - 3 5 3 5 °

SUBSTANCE IDENTIFICATION
CAS-NUMPER 5 6 - S 5 - 3
RTEC-NUMBER C V 9 2 7 5 0 0 0

SUBSTANCE: 1 , 2-BENZANTHRACENE
TRADE NAMES/SYNONYMS:

BENZi A) ANTHRACENE, :_, 1 , 2-BENZOANTHRACENE: TETRAPHENE:
*BENZO?Ay^!HBACENE:! 2 , 3-BENZOPHENANTHRENE: BENZANTHRENE :

NAPHTH ANTHRACENE: BENZOANTHRACENE : 1 , 2-BENZ( A ) ANTHRACENE :
BENZO(B )PHENANTHRENE : BENZANTHRACENE : U 0 1 8 : O H S 2 6 4 2 0

CHEMICAL FAMILY :
POLYNUCLEAR AROMATIC HYDROCARBON

MOLECULAR FORMULA: ( " 18 -H 12 MOLECULAR WEIGHT: 2 2 8 . 2 9
RCLA RATINGS (SCALE 0 - 3 ) : HEALTH=3 FIRE=U REACTIVITY=0 PERSISTENCE=3

VFPA RATINGS ( SCALE 0-J ) : HEALTH = 3 FIRE = U REACTIVTTY = 0

COMPONENTS AND CONTAMINANTS
COMPONENT: 1 , 2-BENZANTHRACENE CAS* 56 -55 -3 PERCENT: 100
OTHER CONTAMINANTS: NONE
EXPOSURE L IM IT :

COAL TAR PITCH VOLATILES (POLYCYCLIC AROMATIC HYDROCARBONS ) :
0 .2 MG/M3 OSHA TWA (AS BENZENE SOLUBLES)
0 .2 MG/M3 ACGIH TWA (AS BENZENE SOLUBLES)
ACGIH Al-CONFIRMED HUMAN CARCINOGEN.
0.1 MG/M3 NIOSH RECOMMENDED 10 HOUR TWA ( CYCLOHEXANE-EXTRACTABLE FRACTION)

1 . 2 -RENZ ANTHRACENE:
10 POUNDS CERCLA SECTION 103 REPORTABLE QUANTITY
SUBJECT TO CALIFORNIA PROPOSITION 65 CANCER AND/OR REPRODUCTIVE TOXICITYWARNING AND RELEASE REQUIREMENTS- (JULY i , 1 9 8 ? )

PHYSICAL DATA
DESCRIPTION: COLORLESS LEAFLETS OR PLATES WITH A GREENISH-YELLOW FLUORESCENCE
. - IL ING POINT: 815 F ( 4 3 5 C) SUBLIMESMELTING POINT: 324 F ( 1 6 2 C)
SPFCIFIC GRAVITY: NOT AVAILABLE SOLUBILITY IN WATER: INSOLUBLE
OTHER SOLVENTS (SOLVENT - SOLUBILITY):
SOLUBLE IN DIETHYL ETHER, ACETONE, BENZENE, MOST
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ORGANIC SOLVENTS; SLIGHTLY SOLUBLE IN ACETIC AC ID , ALCOHOL ; ALMOST INSOLUBLE
TN BOILING ALCOHOL—————————— __ ——— ———————————— ————— ————— _ _ _ _ _ _ ————— _ _ _ _ _ ——— _ _ _ _ _ _ _ _ _ _ _ _ ^

t—H

FIRE AND EXPLOSION DATA ^
O

FIRE AND EXPLOSION HAZARD °
UNKNOWN FIRE AND EXPLOSION HAZARD .

FTREFTGHT ING MED IA :
DRY CHEMICAL , CARBON DIOXIDE, WATER SPRAY OR REGULAR FOAM
( 1 9 9 0 EMERGENCY RESPONSE GUIDEBOOK, DOT P 5 8 0 0 . 5 ) .
FOR LARGER FIRES, USE WATER SPRAY, FOG OR REGULAR FOAM
( 1 9 9 0 EMERGENCY RESPONSE GUIDEBOOK, DOT P 5 8 0 0 . 5 ) .

^ IREFIGHTING:
MOVE CONTAINER FROM FIRE AREA IF YOU CAN DO IT WITHOUT RISK . DO NOT SCATTER
SPILLED MATERIAL WITH H IGH-PRESSURE WATER STREAMS. DIKE FIRE-CONTROL WATER FOR
LATER D ISPOSAL ( 1 9 9 0 EMERGENCY RESPONSE GUIDEBOOK, DOT P 5 8 0 0 . 5 , GUIDE
PAGE 3 1 ) .
"SE AGENTS SUITABLE FOR TYPE OF SURROUNDING F IRE . AVOID BREATHING HAZARDOUS
VAPORS , KEEP UPWIND.

TOXICTTY

1 , 2-BENZANTHRACENE:
TOXICITY DATA: 10 MG/KG INTRAVENOUS-MOUSE LDLO; "UTAGENTc DATA (RTECS ) ;
TUMORINGENIC DATA ( R T E C S ) .
CARCINOGEN STATUS: ANTICIPATED HUMAN CARCINOGEN ( N T P ) ; AN IMAL SUFFICIENT

EVIDENCE ( IARC G R O U P - 2 A ) . GIVEN BY SEVERAL ROUTES OF ADMINISTRATION IT
HAS PROVED TO BE CARCINOGENIC IN THE MOUSE . IT PRODUCED LIVER CANCERS AND
LUNG NEOPLASMS FOLLOWING REPEATED ORAL ADMINISTRATION TO YOUNG MICE.
1 ,2-BENZANTHRACENE IS A COMPLETE CARCINOGEN FOR THE MOUSE SKIN AND IS ALSO
AN INITIATOR OF SKIN CARCINOGENESIS IN M ICE .

ACUTE TOXICITY LEVEL: INSUFFICIENT DATA.
TARGET EFFECTS: NO DATA AVAILABLE .

HEALTH EFFECTS AND FIRST AID

INHALATION:
1 , 2-BENZANTHRACENE:

ACUTE EXPOSURE- SYMPTOMS OF EXPOSURE MAY INCLUDE NAUSEA AND VOMITING.
CHRONIC EXPOSURE- NO DATA AVAILABLE.

FIRST AID- REMOVE FROM EXPOSURE AREA TO FRESH AIR IMMEDIATELY. IF BREATHING
HAS STOPPED, PERFORM ARTIFICIAL RESPIRATION. KEEP PERSON WARM AND AT REST ,
TREAT SYMPTOMATICALLY AND SUPPORTIVELY. GET MEDICAL ATTENTION IMMEDIATELY,
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SKIN CONTACT:
1 ,2 -BENZANTHRACENE:
CARCINOGEN.

ACUTE EXPOSURE- MAY CAUSE SLIGHT IRRITATION'. O
CHRONIC EXPOSURE- REPEATED APPLICATION RESULTED IN SKIN TUMORS IN M ICE . ^

FIRST AID- REMOVE CONTAMINATED CLOTHING AND SHOES IMMEDIATELY. WASH AFFECTED §
AREA WITH SOAP OR MILD DETERGENT AND LARGE AMOUNTS OF WATER UNTIL NO
EVIDENCE OF CHEMICAL REMAINS (APPROXIMATELY 1 5 - 2 0 MINUTES ) . GET MEDICAL
ATTENTION IMMEDIATELY.

EYE CONTACT:1 , 2 - BENZANTHRACENE :ACUTE EXPOSURE- MAY CAUSE SLIGHT IRRITATION'.CHRONIC EXPOSURE- NO DATA AVAILABLE .
FIRST AID- WASH EYES IMMEDIATELY WITH LARGE AMOUNTS OF WATER OR NORMAL S A L I N E .OCCASIONALLY LIFTING UPPER AND LOWER LIDS, UNTIL NO EVIDENCE OF CHEMICALREMAINS (APPROXIMATELY 1 5 - 2 0 M I N U T E S ) . GET MEDICAL ATTENTION IMMEDIATELY .
INGESTION:1 ,2 -BENZANTHRACENE :CARCINOGEN.ACUTE EXPOSURE- SYMPTOMS OF EXPOSURE MAY INCLUDE NAUSEA AND VOMIT ING.CHRONIC EXPOSURE- REPEATED ORAL ADMINISTRATION PRODUCED HEPATOMAS AND LUNGADENOMAS IN YOUNG M ICE .
FIRST AID- TREAT SYMPTOMATICALLY AND SUPPORTIVELY. GET MEDICAL ATTENTIONIMMEDIATELY. IF VOMITING OCCURS, KEEP HEAD LOWER THAN HIPS TO PREVENTASPIRATION.
ANTIDOTE:NO SPECIF IC ANTIDOTE . TREAT SYMPTOMATICALLY AND SUPPORTIVELY.

REACTIVITY SECTION
REACTIVITY:
STABLE UNDER NORMAL TEMPERATURES AND PRESSURES.
INCOMPATIB IL IT IES :
1 , 2-BENZANTHRACENE:

OXIDIZERS ( S T R O N G ) : FIRE AND EXPLOSION HAZARD.
DECOMPOSIT ION :
THERMAL DECOMPOSITION MAY RELEASE ACRID SMOKE AND IRRITATING FUMES.
POLYMERIZATION:
HAZARDOUS POLYMERIZATION HAS NOT BEEN REPORTED TO OCCUR UNDER NORMAL
TEMPERATURES AND PRESSURES.

STORAGE-DISPOSAL
OBSERVE ALL FEDERAL, STATE AND LOCAL REGULATIONS WHEN STORING OR DISPOSING
OF THIS SUBSTANCE. FOR ASSISTANCE, CONTACT THE DISTRICT DIRECTOR OF THE
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ENVIRONMENTAL PROTECTION AGENCY.
T-H(N* *D ISPOSAL * * VOON

DISPOSAL MUST BE IN ACCORDANCE WITH STANDARDS APPL ICABLE TO GENERATORS OF §
HAZARDOUS WASTE , 40CFR 2 6 2 . EPA HAZARDOUS WASTE NUMBER U 0 1 8 .

CONDITIONS TO AVOID
MAY RT 'PN BUT DOES NOT IGMTE READ ILY . AVOID CONTACT WITH STRONG OX ID IZERS ,
EXCESSIVE HEAT, SPARKS, OR OPEN FLAME.

SPILLS AND LEAKS
WATER-SP ILL :
THE CAL IFORN IA SAFE DRINK ING WATER AND TOXIC ENFORCEMENT ACT OF 1 9 8 6
' .PROPOSITION f i - 5 ) °ROHIBITS CONTAMINAT ING ANY KNOWN SOURCE OF DR INK ING WATER
WITH SUBSTANCES KNOWN TO CAUSE CANCER AND/OR REPRODUCTIVE TOXICITY .
OCCUPATIONAL-SP ILL :
SWEEP UP AND PLACE IN SUITABLE CLEAN, DRY CONTAINERS FOR RECLAMATION OR LATER
D ISPOSAL . DO NOT FLUSH SPILLED MATERIAL INTO SEWER. KEEP UNNECESSARY PEOPLE
AWAY .
REPORTABLE QUANTITY ( R Q ) : 10 POUNDS
THE SUPFRFUND AMENDMENTS AND REAUTHORIZATION ACT ' S A R A ) SECTION 304 REQUIRES
THAT A RELEASE EQUAL TO OR GREATER THAN THE REPORTABLE QUANTITY FOR THIS
SUBSTANCE BE IMMEDIATELY REPORTED TO THE LOCAL EMERGENCY PLANNING COMMITTEE
AND THE STATE EMERGENCY RESPONSE COMMISS ION (40 r-FR 3 5 5 . 4 0 ) . IF THE RELEASE OF
THIS SUBSTANCE IS REPORTABLE T'NnER CERCLA SECTION 1 0 3 , THE NATIONAL RESPONSE
CENTER MUST BE NOTIFIED IMMEDIATELY AT ( 8 0 0 ) * 2 4 - 8 8 0 2 OR ( 2 0 2 ) 4 2 6 - 2 6 7 5 IN THE
METROPOLITAN WASHINGTON, D . C . AREA (40 CFR 3 0 2 . f i ) .

PROTECTIVE EQUIPMENT SECTION
VENTILATION:PROVIDE LOCAL EXHAUST OR PROCESS ENCLOSURE VENTILATION SYSTEM.
RESPIRATOR:THE FOLLOWING RESPIRATORS ARE RECOMMENDED BASED ON INFORMATION FOUND IN THEPHYSICAL DATA, TOXICITY AND HEALTH EFFECTS SECTIONS. THEY ARE RANKED INORDER FROM MINIMUM TO MAXIMUM RESPIRATORY PROTECTION.THE SPECIFIC RESPIRATOR SELECTED MUST BE BASED ON CONTAMINATION LEVELS FOUNDIN THE WORK PLACE, MUST BE BASED ON THE SPECIFIC OPERATION, MUST NOT EXCEEDTHE WORKING LIMITS OF THE RESPIRATOR AND MUST BE JOINTLY APPROVED PY THENATIONAL INSTITUTE FOR OCCUPATIONAL SAFETY AND HEALTH AND THE MINE SAFETYAND HEALTH ADMINISTRATION ( NTOSH -MSHA ) .

ANY TYPE '<"" SUPPL IED-A IR RESPIRATOR WITH A FULL FACEPIECE OPERATED IN

009621



PRESSURE-DEMAND OR OTHER POSITIVE PRESSURE MODE OR WITH A FULL FACEPIECE,
HELMET OR HOOD OPERATED IN CONTINOUS-FLOW MODE. ^

CNANY SELF-CONTAINED BREATHING APPARATUS WITH A FULL FACEPIECE OPERATED IN )O
PRESSURE-DEMAND OR OTHER POSITIVE PRESSURE MODE. ^

O
FOR F IREF IGHTTNG AND OTHER IMMEDIATELY DANGEROUS TO LIFE OR HEALTH CONDIT IONS

ANY SELF-CONTAINED BREATHING APPARATUS WITH FULL FACEPIECE OPERATED IN
PRESSURE-DEMAND OR OTHER POSITIVE PRESSURE MODE .

ANY SUPPL IED-AIR RESPIRATOR WITH FULL FACEPIECE AND OPERATED IN
PRESSURE-DEMAND OR OTHER POSITIVE PRESSURE MODE IN COMBINATION WITH AN
AUX I L IARY SELF-CONTAINED BREATHING APPARATUS OPERATED IN PRESSURE-DEMAND
OR OTHER POSITIVE PRESSURE MODE.

' 'LOTHING:EMPLOYEE MUST WEAR APPROPRIATE PROTECTIVE ( IMPERV IOUS ) CLOTHING AND EQUIPMENTTO PREVENT REPEATED OR PROLONGED SKIN CONTACT WITH THIS SUBSTANCE.
GLOVES :EMPLOYEE MUST WEAR APPROPRIATE PROTECTIVE GLOVES TO PREVENT CONTACT WITH THISSUBSTANCE .

F PROTECTION:EMPLOYEE MUST WEAR SPLASH-PROOF OR DUST-RES ISTANT SAFETY GOGGLES TO PREVENTEYE CONTACT WITH THIS SUBSTANCE.
EMERGENCY EYE WASH : WHERE THERE IS ANY POSSIB IL ITY THAT AN EMPLOYEE 'S EYES MAYBE EXPOSED TO THIS SUBSTANCE, THE EMPLOYER SHOULD PROVIDE AN EYE WASHFOUNTAIN WITHIN THE IMMEDIATE WORK AREA FOR EMERGENCY USE .

AUTHORIZED BY- OCCUPATIONAL HEALTH SERVICES , I N C . -
CREATION DATE: 0 9 / 0 1 / 8 7 REVISION DATE: 1 2 / 0 3 / P O
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MATERIAL SAFETY DATA SHEET
OCCUPATIONAL HEALTH SERVICES, INC.
11 WEST 42ND STREET, 12TH FLOOR
\'EW YORK, NEW YORK 1 0 0 3 6
1 - R O O - 4 4 5 - M S D S ( 1 - 8 0 0 - 4 4 5 - 6 7 3 7 ) O R 1 - 2 1 2 - 7 8 9 - 3 5 3 5

FOR EMERGENCY SOURCE INFORMATIO"
CONTACT: 1 -6 1 . 5 -366 -2000

§

SUBSTANCE IDENTIF ICATION
CAS-VUMBER 1 9 3 - 3 9 - 5RTEC-NUMBER NK9300000

TRADE NAMES/SYNONYMS:
IP: ORTHO-PHENYLENEPYRENE: 1 , 10- ( ORTHO-PHENYLENE ) PYRENE :
1 , 10- ( 1 ,2-PHENYLENE) PYRENE: 2 , 3-ORTHO-PHENYLENEPYRENE :
2 , 3-PHENYLENEPYRENE: RCRA U 1 3 7 : C 2 2 H 1 2 : D H S 1 1 3 3 0

' "HFMICAL FAMILY :

MOLECULAR WEIGHT: 2 7 R . 3 4
A RATINGS ( S C A L E 0 - 3 ) : HEALTH=3 F IRE=O REACTIVITY=O

MFPA RATINGS (SCALE 0 - 4 ) : HEALTH=3 FIRE = 0 RF.ACTIVITY = 0

MOLECULAR FORMULA: C 2 2 - H 1 2

COMPONENTS AND CONTAMINANTS
COMPONENT: INDENO( 1 , 2 , 2 -PD ) PYRENE CAS * 193-39 . = ;
OTHER CONTAMINANTS: NONE

PERCENT: 100

EXPOSURE L IMIT:
COAL TAR PITCH VOLATILES (POLYCYCLIC AROMATIC HYDROCARBONS) :
0 .2 MG/M3 OSHA TWA (AS P-EN7ENE SOLUBLES )
0 .2 MG/M3 ACGIH TWA (AS BENZENE SOLUBLES)
ACGIH Al-CONFIRMED HUMAN CARCINOGEN.
0.1 MG/M3 NIOSH RECOMMENDED 10 HOUR TWA ( CYCLOHEXANE-EXTPA^TABLE FRACTION

INDENO( 1 , 2 , 3 -CD )PYRENE :
100 POUNDS CERCLA SECTION 1 .03 REPORTABLE QUANTITY
SUBJECT TO CALIFORNIA PROPOSITION f>5 <\ANCER AND/OR REPRODUCTIVE TOXTCTTY

WARNING AND RELEASE REQUIREMENTS- (JANUARY 1, 1 9

PHYSICAL DATA
DESCRIPTION: YFLLOW PT.ATES OR NEEDT.ES WITH A GREENISH-YELLOW FLUORESCENCE
MELTIYG POINT: 3 2 4 . 5 - 3 2 7 F ( 1 6 3 . 6 C) SOLUBILITY IN WATER: INSOLUBLE
OTHER SOLVENTS (SOLVENT - SOLUB IL ITY ) :
SOLUBLE IN ORGANIC SOLVENTS

FTRE AND EXPLOSION DATA
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^ IRE ASH EXPLOSION HAZARD
NEGLIGIBLE FIRE HAZARD WHEN EXPOSED TO HEAT OR FLAME .

F IREF IGHTING MEDIA :DRY C H E M I C A L , CARBON DIOXIDE, WATER SPRAY OR REGULAR FOAM( 1 9 9 0 EMERGENCY RESPONSE GUIDEBOOK, DOT P 5800 . 5 ) .
FOR LARGER F IRES , USE WATER SPRAY, FOG OR REGULAR FOAM( 1 9 9 0 EMERGENCY RESPONSE GUIDEBOOK, DOT P 5 8 0 0 . 5 ) .

OO

F IREF IGHTING:
MO ACUTE HAZARD. MOVE CONTAINER FROM FIRE AREA IF POSSIBLE . AVOID BREATHING
VAPORS OR DUSTS ; KEEP UPWIND.

TOXTCITY
INDENO( 1 . . 2 , 3 -rp i PYRENE:
TOXICITY HATA : MUTAGENIC DATA ( RTECS ) ; TUMORIGENIC DATA ( RTECS ) .
CARCINOGEN STATUS: ANTICIPATED HUMAN CARCINOGEN ( NTP ) ; ANIMAL SUFFICIENT

EVIDENCE ( IARC GROUP-2B ) . INDENO( 1 , 2 , 3-CD ) PYRENE IS A COMPLETE CARCINOGEN
AND AN IN IT IATOR FOR SKIN CARCINOGENESI S IN M ICE . IT PRODUCED LOCAL S A R C O M A S
AFTER SUBCUTANEOUS INJECTION AS WELL AS SKIN APPLICATION- ' .

ACUTE TOXICITY LEVEL: NO DATA AVA ILABLE .
TARGET AFFECTS : NO DATA AVAILABLE .

HEALTH EFFECTS AND FIRST AID

INHALATION:
TNDENO U , 2 , 3 - C D ) P Y R E N E :

ACUTE EXPOSURE- INHALATION OF DUST MAY IRRITATE THE RESPIRATORY TRACT.
CHRONIC EXPOSURE- NO DATA AVAILABLE .

F IRST ATD - REMOVE FROM EXPOSURE AREA TO FRESH AIR IMMEDIATELY. TF "PEATHINO
HAS STOPPED, PERFORM ARTIFICIAL RESPIRATION. KEEP PERSON WARM AND AT REST ,
TREAT SYMPTOMATIC-ALLY AND SUPPORT! VELY. GET MEDICAL ATTENTION IMMEDIATELY,

SKIN CONTACT:
INDENOf 1 ,2, 3 -CD) PYRENE:
CARCINOGEN .

ACUTE EXPOSURE- POLYCYCLIC AROMATIC HYDROCARBONS MAY CAUSE IRRITATION.
CHRONIC EXPOSURE- INDENO( 1 , 2 , 3-CD )PYRENE DISSOLVED IN ACETONE AND PAINTED

ON THE SKIN OF MICE AT CONCENTRATIONS GREATER THAN 0 . 0 5 % PRODUCED
SKIN TUMORS, WHICH APPEARED AFTER SEVERAL MONTHS.

\ID- REMOVE CONTAMINATED CLOTHING AND SHOES IMMEDIATELY. WASH AFFECTED
AREA WITH SOAP OR MILD DETERGENT AND LARGE AMOUNTS OF WATER UNTIL NO
EVIDENCE OF CHEMICAL REMAINS I APPROXIMATELY 1 5 - 2 0 MINUTES ) . GET MEDICAL
ATTENTION IMMEDIATELY.
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EYE CONTACT:
I NDENO ( 1 , 2 , 3 -CD )PYRENE : ^

ACUTE EXPOSURE- CONTACT WITH DUST MAY CAUSE IRRITATION. <S)
CHRONIC EXPOSURE- NO DATA AVAILABLE. %>ONOFIRST AID- WASH EYES IMMEDIATELY WITH LARGE AMOUNTS OF WATER OR NORMAL SALINE O
OCCASIONALLY L IFTING UPPER AND LOWER L I DS , U N T T T . NO EVIDENCE OF CHEMICAL
REMAIN'S (APPROXIMATELY 1 5 -20 MINUTES ) . GET MEDICAL ATTENTION IMMEDIATELY.

TNOFSTTON:
! N D E N O ( l , 2 , 3 - C D ) P Y R E N E :

ACUTE EXPOSURE- THE ACUTE TOXICITY OF POLYCYLIC AROMATIC HYDROCARBONS
APPEARS TO BE LOW IN RATS AND M ICE . AT HIGH ACUTE DOSES , POLYCYCLIC
AROMATIC HYDROCARBONS ARE TOXIC TO MANY T ISSUES , AND DEGENERATIVE CHANGES
MAY BE OBSERVED IN THE KIDNEY AND LIVER; THE THYMUS AND SPLEEN ARE
PARTICULARLY SENSITIVE TO THE ACUTE EFFECTS OF POLYCYCLIC AROMATIC
HYDROCARBONS.

CHRONIC EXPOSURE- NO DATA AVAILABLE .
F IRST AID- TREAT SYMPTOMATICALLY AND SUPPORTIVELY. GET MEDICAL ATTENTION

IMMED IATELY . IF VOMITING OCCURS, KEEP HEAD LOWER THAN HIPS TO PREVENT
ASP IRAT ION .

ANTIDOTE :
NO I7TC \NTIDOTE. TREAT SYMPTOMATICALLY AND SUPPORTTVELY.

REACTIVITY SECTION
REACTIVITY:
STABLE UNDER NORMAL TEMPERATURES AND PRESSURES.
INCOMPATIBILITIES:
INDENTS 1 , 2 , 3 - C D ) P Y R E N E :
NO DATA A V A I L A B L E .

DECOMPOSIT ION:
THERMAL DECOMPOSITION MAY RELEASE ACRID SMOKE AND IRRITATING FUMES.
POLYMERIZATION:
HAZARDOUS POLYMERIZATION HAS V'OT BEEN REPORTED TO OCCUR UNDER NORMAL
TEMPERATURES AND PRESSURES .

STORAGE-DISPOSAL
OBSERVE ALL FEDERAL, STATE AND LOCAL REGULATIONS WHEN STORING OR DISPOSING
OF THIS SUBSTANCE. FOR ASSISTANCE, CONTACT THE DISTRICT DIRECTOR OF THE
ENVIRONMENTAL PROTECTION AGENCY.

* *DISPOSAL*«
DISPOSAL MUST BE IN ACCORDANCE WITH STANDARDS APPLICABLE TO GENERATORS OF
HAZARDOUS WASTE , 40CFR 2 6 2 . EPA HAZARDOUS WASTE NUMBER U 1 3 7 .
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_ _________ (N^OCONDIT IONS TO AVOID ONO
NONE REPORTED. °

SPILLS AND LEAKS

WATER-SP I LL :
THE CALIFORNIA SAFE DRINKING WATER AND TOXIC ENFORCEMENT ACT OF 1986
(PROPOSITION 65) PROHIBITS CONTAMINATING ANY KNOWN SOURCE OF DRINKING WATER
WITH SUBSTANCES KNOWN TO CAUSE CANCER AND/OR REPRODUCTIVE TOX ICTTY .

t
OCCUPAT IONAL-SP I LL :
NO SPECIAL PRECAUTIONS INDICATED.
SEPORTABLE QUANTITY ( R Q ) : 100 POUNDS
THE SUPERFUND AMENDMENTS AND REAUTHORIZATION ACT ( S A R A ) SECTION 304 REQUIRES
THAT A RELEASE EQUAL TO OR GREATER THAN THE REPORTABLE QUANTITY FOR THIS
SUBSTANCE BE IMMEDIATELY REPORTED TO THE ' OCAL EMERGENCY PLANN ING < "OMMITTFE
AND THE STATE EMERGENCY RESPONSE COMMISS ION (40 CFR 3 5 5 . 4 0 ) . IF THE RELEASE OF
THIS SUBSTANCE IS REPORTABLE UNDER CERCLA SECTION 1 0 3 , THE NATIONAL RESPONSE
CENTER MUST BE NOTIF IED IMMEDIATELY AT ( 8 0 0 ) 4 2 4 - 8 8 0 2 OR ( 2 0 2 ) 4 2 6 - 2 6 7 = 5 IN ^HF
METROPOLITAN WASHINGTON, D . C . AREA (40 CFR 3 0 2 . 6 ) .

PROTECTIVE EQUIPMENT SECTION
V E N T T V A T T O V :
PROVIDE LOCAL EXHAUST OR PROCESS ENCLOSURE VENTILATION SYSTEM.
RESPIRATOR:
THE FOLLOWING RESPIRATORS AND MAXIMUM USE CONCENTRATIONS ARE RECOMMENDATIONS

BY THE U . S . DEPARTMENT OF HEALTH AND HUMAN SERVICES, NIOSH POCKET GUIDE TO
CHEMICAL HAZARDS; NIOSH CRITERIA DOCUMENTS OR BY THE U . S . DEPARTMENT OF
LABOR, 29 CFR 1 9 1 0 SUBPART Z .

THE SPECIF IC RESPIRATOR SELECTED MUST BE BASED ON CONTAMINATION LEVELS FOUND
IN THE WORK PLACE, MUST NOT EXCEED THE WORKING L IMITS OF THE RESPIRATOR AND
BE JOINTLY APPROVED BY THE NATIONAL INSTITUTE FOR OCCUPATIONAL SAFETY AND
HEALTH AND THE MINE SAFETY AND HEALTH ADMIN ISTRAT ION ( N I O S H - M S H A ) .

COAL TAR PITCH VOLATILES (POLYCYCLIC AROMATIC HYDROCARBONS ) :
AT ANY DETECTABLE CONCENTRATION:

ANY SELF-CONTAINED BREATHING APPARATUS WTTH FULL FACEPTECE OPERATED
IN PRESSURE-DEMAND OR OTHER POSITIVE PRESSURE MODE .

ANY SUPPLIED-AIR RESPIRATOR WITH FULL FACEPIECE OPERATED IN
PRESSURE-DEMAND OR OTHER POSITIVE PRESSURE MODE IN COMBINATION
WITH AN AUXILIARY SELF-CONTAINED BREATHING APPARATUS OPERATED IN
PRESSURE-DEMAND OR OTHER POSITIVE PRESSURE MODE.

ESCAPE- ANY AIR-PURIFYING FULL FACEPIECE RESPIRATOR (GAS MASK) WITH
CHIN-STYLE OR FRONT- OR BACK-MOUNTED ORGANIC VAPOR CANISTER HAVING
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A HIGH-EFF ICIENCY PARTICIPATE F ILTER.
ANY APPROPRIATE ESCAPE-TYPE SELF-CONTAINED BREATHING APPARATUS . ^

<N
FOR F IREFTGHTING AND OTHER IMMEDIATELY DANGEROUS TO LIFE OR HEALTH CONDIT ION ^

OANY SELF-CONTAINED BREATHING APPARATUS WITH FULL FACFPTECE OPERATED TN O
PRESSURE-DEMAND OR OTHER POSITIVE PRESSURE MODE.

ANY SUPPL IED-AIR RESPIRATOR WITH FULL FACEPIECE AND OPERATED IN
PRESSURE-DEMAND OR OTHER POSITIVE PRESSURE MODE IN COMBINATION WITH AN
AUX IL IARY SELF-CONTAINED BREATHING APPARATUS OPERATED IN ' PRESSURE -DEMAND
OR OTHER POSITIVE PRESSURE MODE .

CLOTH ING:
EMPLOYEE MUST WEAR APPROPRIATE PROTECTIVE ( IMPERV IOUS ) CLOTH ING AND EQUIPMENT
TO PREVENT REPEATED OR PROLONGED SKIN CONTACT WITH THIS SUBSTANCE.
GLOVES :
EMPLOYEE MUST WEAR APPROPRIATE PROTECTIVE GLOVES TO PREVENT CONTACT WITH THIS
SUBSTANCE .

DROTECTIOM:
EMPLOYEE MUST WEAR SPLASH-PROOF OR DUST-RESISTANT SAFET^ ^OOGLES TO
EYE CONTTA^T WJTH THIS SUBSTANCE .

EMERGENCY EYE WASH : WHERE THERE IS ANY POSSIBIL ITY THAT AN EMPLOYEE 'S EYES MAVBE EXPOSED TO THTR SUBSTANCE , THE EMPLOYER SHOULD PROVIDE AN EYE WASHFOUNTAIN WITHIN THE IMMEDIATE WORK AREA FOR EMERGENCY ' ^E .

AUTHORIZED BY- OCCUPATIONAL HEALTH SERVICES , TNP .
CREATTON ^ATE : 0 5 / 2 0 / 8 7 REVISION DATE : 1 2 / 0 3 / 9 0
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MATERIAL SAFETY DATA SHEET ____
00

OCCUPATIONAL HEALTH SERVICES, INC. FOR EMERGENCY SOURCE INFORMATIO ^
1 1 WEST 42ND STREET, 12TH FLOOR CONTACT: \ - f i \ 5 - 3 6 6 - 2 0 0 0 ON
NEW YORK , MEW YORK 1 0 0 3 6 §
1 - R O O - - 1 4 5 - M S D S ( 1 - 8 0 0 - 4 4 5 - 6 7 3 7 ) OR 1-2 1 2 - 7 R 9 - 3 5 35

SUBSTANCE IDENTIF ICATION
CAS-NUMBER 5 3 - 7 0 - 3
RTEC-NUMBER H N 2 6 2 5 0 0 0

SUBSTANCE : ~DIBENZ{Af-H)ARTHRAC- _.^_ ..— » • - . T. „„'»». t«*W.I«lSS'M«S

TRADE NAMES/SYNONYMS:
D IBENZO(A ,H )ANTHRACENE : 1 , 2 : 5 , f i - P I B E N Z A N T H R A C E N E : 1 , 2 , 5 , 6 - D B A :
D B ( A , H ) A : RCRA U063 : OHS06570

CHEMICAL FAMILY :
HYDROXYL, POLYNUCLEAR

MOLECULAR FORMULA: C22 -H 14 MOLECULAR WEIGHT: 2 7 8 . 3 f i
CERCLA RATINGS (SCALE 0 - 3 ) : HEALTH=3 FTRE= 1 REACTIVITY=0 PERSISTENCES
NFPA RATINGS ( SCALE 0 - 4 ) : HEALTH=3 FIRE=1 REACTIVTTY=0

COMPONENTS AND CONTAMINANTS

rOMPONENT: D IBENZ (A ,H )ANTHRACENE CAS* 5 3 - 7 0 - 3 PERCENT: 100
OTHER CONTAMINANTS: NONE
EXPOSURE LIMIT:

COAL TAR PITCH VOLATTLES (POLYCYCLIC AROMATIC HYDROCARBONS ) :
0.2 MG/M3 OSHA TWA (AS BENZENE SOLUBLES)
0 .2 MG/M3 ACGIH TWA (AS BENZENE SOLUBLES )
ACGIH Al-CONFIRMED HUMAN CARCINOGEN.
0 . 1 MG/M3 NTOSH RECOMMENDED 10 HOUR TWA (CYCLOHEXANE-EXTRACTABLE FRACTION. ' )

D IBENZ(A ,H )ANTHRACENE :
1 POUND CERCLA SECTION 103 REPORTABLE QUANTITY
SUBJECT TO CALIFORNIA PROPOSITION R5 CANCER AND/OR REPRODUCTIVE TOXICITYWARN ING AND RELEASE REQUIREMENTS- (JANUARY i , I ° RB )

PHYSICAL DATA
DESCRIPTION: COLORLESS CRYSTALLINE SOL ID .
MELTING POINT: 5 1 1 F ( 2 6 6 C) SUBLIM SPECIF IC GRAVITY: 1 .3
SOLUBILITY IN WATER: INSOLUBLE
OTHER SOLVENTS (SOLVENT - SOLUBILITY) :
ALCOHOL , BENZENE, PETROLEUM ETHER
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FIRE AND EXPLOSION DATA O"\
FIRE AND EXPLOSION HAZARD VO
SLIGHT FIRE HAZARD WHEN EXPOSED TO HEAT OR FLAME. g

O

FIREFIGHTING MEDIA:
DRY CHEMICAL , CARBON D IOXIDE , WATER SPRAY OR REGULAR FOAM
( 1 9 9 0 EMERGENCY RESPONSE GUIDEBOOK, DOT P 5 8 0 0 . 5 ) .
FOR LARGER F IRES , USE WATER SPRAY, FOG OR REGULAR FOAM
( 1 9 9 0 EMERGENCY RESPONSE GUIDEBOOK, DOT P 5 8 0 0 . 5 ) .

F IREFIGHTING:
MOVE CONTAINER. FROM FIRE AREA IF YOU CAN DO IT WITHOUT R ISK . DO NOT SCATTER
SPILLED MATERIAL WITH HIGH-PRESSURE WATER STREAMS . DIKE FIRE-CONTROL WATER FOR
LATER D ISPOSAL ( 1 9 9 0 EMERGENCY RESPONSE GUIDEBOOK, DOT P 5 8 0 0 . 5 , GUIDE
PAGE 3 1 ) .
tJSE AGENTS SU ITABLE FOR TYPE OF SURROUNDING F IRE . AVOID BREATHING HAZARDOUS
VAPORS , KEEP ' ' PWIND .

TOXICITY
D I B E N Z ( A , H ) A N T H R A C E N E :
10 MG/KG TNTRAVENOUS-MOUSE LDl .O; MUTAGENIC DATA (RTECS) ; TUMORIGENIC DATA
( R T E C S ) .
CARCINOGEN STATUS : ANTICIPATED HUMAN CARCINOGEN (NTP ) . ANIMAL SUFFICIENT
EVIDENCE ( IARC G R O U P - 2 A 1 ) . D B ( A , H ) A HAS PRODUCED TUMORS BY DIFFERENT ROUTES
OF ADMIN ISTRATION TN AN IMALS . UPON ORAL ADMINISTRATION, IT PRODUCED TUMORS OF
THE FORESTOMACH IN THE MOUSE; INTRATRACHEAL ADMINISTRATION TO HAMSTERS
PRODUCED LUNG TUMORS. IN SKIN PAINTING IN MICE IT APPEARED TO BE EQUALLY
EFFECTIVE. AND INDUCED LOCAL SARCOMAS TN NEWBORNS ( S C U - M U S ) .

D I B E N Z ( A , H ) A N T H R A C E N E IS A COAL TAR PITCH VOLATILE THAT MAY IRRITATE THE
FYFS, SK IN , AND MUCOUS MEMBRANES, AND MAY CAUSE SKIN SENS ITTZAT ION iND
PHOTOSENSTT IZATION .

HEALTH EFFECTS AND FIRST AID
INHALATION:
D I B E N Z ( A , H ) A N T H R A C E N E :
IRRITANT.

ACUTE EXPOSURE- MAY CAUSE RESPIRATORY IRRITATION, COUGH, DYSPNEA, AND
PULMONARY EDEMA.

CHRONIC EXPOSURE- REPEATED OR PROLONGED EXPOSURE MAY CAUSE BRONCHIT IS .
EXPOSURE IS ASSOCIATED WITH CANCERS OF THE LUNGS, BLADDER, K IDNEYS, AND
AND GASTROINTESTINAL TRACT.

FIRST AID- REMOVE FROM EXPOSURE AREA TO FRESH AIR IMMEDIATELY. IF BREATHING
HAS STOPPED, PERFORM ARTIFICIAL RESPIRATION. KEEP PERSON WARM AND AT REST,
TREAT SYMPTOMATICALLY AND SUPPORTIVELY. GET MEDICAL ATTENTION IMMEDIATELY,
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SKIN CONTACT:
D I B E N ' Z ( A , H ) A N T H R A C E N E : *O
IRRITANT/SENS ITT7.ER/CARCINOGEN. g

ACUTE EXPOSURE- DELAYED EFFECTS ARE ERYTHEMA AND SWELL ING , WHICH APPEARS A O
FEW HOURS AFTER EXPOSURE OF SKIN 1 C UPFACES TO ULTRAVIOLET L IGHT .
HYPERMELANOSIS IS COMMON. INTENSE CONTACT HAS CAUSED ACNE AND/OR
FOLLICULITIS . DESQI 'AMATION, PIGMENTATION, DERMATITIS, AND THERMAL BURNS
HAVE ALSO OCCURRED. ALLERGIC DERMATIT IS IS RARE .

CHRONIC EXPOSURE- LEUKODFRMA AND SKIN CANCER HAVE OCCURRED.
F IRST AID- REMOVE CONTAMINATED CLOTHING AND SHOES IMMEDIATELY. WASH AFFECTED

AREA WITH SOAP OR MILD DETERGENT AND LARGE AMOUNTS OF WATER UNTIL NO
EVIDENCE OF CHEMICAL REMAINS (APPROXIMATELY 1 5 - 2 0 M INUTES ) . GET MEDICAL
ATTENTION IMMEDIATELY.

EYE CONTACT:
OT B E N Z ( A , H ) A N T H R A C E N E :
IRRITANT.

ACUTE EXPOSURE- DELAYED IRRITATION MAY OCCUR, WITH CONJUNCTIVAL ERYTHEMA,
LACRIMATION, PALPEBRAL EDEMA, PHOTOPHOBIA, AND CORNEAL ULCERATION.

CHRONIC EXPOSURE- PROLONGED EXPOSURE MAY PRODUCE THE SAME EFFECTS AS ACUTE
EXPOSURE.

F IRST AID- W A S H EYES IMMEDIATELY WITH LARGE AMOUNTS OF WATER OR NORMAL SALINE,
OCCASIONALLY LIFTING UPPER AND LOWER L IDS , UNTIL NO EVIDENCE OF CHEMICAL
R E M A I N S (APPROXIMATELY 1 5 - 2 0 M I N U T E S ) . GET MEDICAL ATTENTION IMMEDIATELY.

INGESTION:
D T B E N Z ( A , H ) ANTHRACENE:

ACUTE EXPOSURE- INGESTION MAY CAUSE D IZZINESS , NAUSEA AND VOMITING,
WEAKNESS, HEADACHE, TIGHTNESS IN THE CHEST, AND STAGGERING. IF LARGER
AMOUNTS HAVE BEEN INGESTED, THESE SYMPTOMS MAY PROGRESS TO VISUAL
DISTURBANCES, TREMORS, SHALLOW AND RAPID RESPIRATION, CONVULSIONS AND
COMA. VIOLENT EXCITEMENT OR DELIRIUM MAY PRECEDE UNCONSCIOUSNESS. KIDNEY
OR LIVER DAMAGE MAY OCCUR.

CHRONIC EXPOSURE- HAS NOT BEEN REPORTED IN HUMANS .

FIRST AID- REMOVE CHEMICAL BY GASTRIC LAVAGE WITH ACTIVATED CHARCOAL AND A
CUFFED ENDOTRACHEAL TUBE TO PREVENT ASPIRATION. IN THE ABSENCE DEPRESSION,
CONVULSION, OR IMPAIRED GAG REFLEX , IPECAC EMESIS MAY BE DONE. WHEN
VOMITING OCCURS , KEEP HEAD LOWER THAN HIPS TO HELP PREVENT ASPIRATION. AFTER
VOMITING STOPS, GIVE 30 -60 MILLIL ITERS OF FLEET 'S PHOSPHO-SODA n iLUTED 1 :4
IN WATER. MAINTAIN AIRWAY, BLOOD PRESSURE AND RESPIRATION. GET MEDICAL
ATTENTION. LAVAGE MUST BE PERFORMED BY QUAL IF IED MEDICAL PERSONNEL.
(DR I ESBACH , HANDBOOK OF POISONING, 1 1TH E D . )

ANTIDOTE:
NO SPECIFIC ANTIDOTE. TREAT SYMPTOMATICALLY AND SUPPORTIVELY.

REACTIVITY SECTION
REACTIVITY:
STABLE UNDER NORMAL TEMPERATURES AND PRESSURES.
INCOMPATIBILITIES :
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D I B E N Z f A , H ) A N T H R A C E N E : _H
CONTACT WITH STRONG OXIDIZERS MAY CAUSE FIRES AND EXPLOSIONS . rnVO
DECOMPOSITION: O
THERMAL DECOMPOSITION MAY RELEASE ACRID SMOKE AND IRRITATING FUMES . O
POLYMER IZAT ION :
HAZARDOUS POLYMERIZAT ION HAS NOT BEEN REPORTED TO OCCUR UNDER NORMAL
TEMPERATURES AND PRESSURES.

STORAGE-D ISPOSAL
OBSERVE ALL FEDERAL, STATE AND LOCAL REGULATIONS WHEN STORING OR DISPOSING
OF THIS SUBSTANCE. FOR ASSISTANCE, CONTACT THE DISTRICT DIRECTOR OF THE
ENVIRONMENTAL PROTECTION AGENCY.

* * STORAOE* *
STORE AWAY FROM INCOMPATIBLE SUBSTANCES.

" "D ISPOSAL * *
DISPOSAL MUST RE IN ACCORDANCE WITH STANDARDS APPLICABLE TO GENERATORS OFHAZARDOUS W A S T F , - IOTFR ?«2 . EPA HAZARDOUS WASTE NUMBER U 0 6 3 .

CONDITIONS TO AVOID
MAY BURN BUT DOE? NOT IGNITE READILY. AVOID CONTACT WITH STRONG OXID IZERS ,
EXCESSIVF HEAT, S P A R K S , OR OPEN FLAME.

SPILLS AND LEAKS
SOIL-RELEASE:
DIG HOLDING AREA SUCH AS LAGOON, POND OR PIT FOR CONTAINMENT.
USE PROTECTIVE COVER SUCH AS A PLASTIC SHEET TO PREVENT MATERIAL FROM
DISSOLVING IN FIRE EXTINGUISHING WATER OR RAIN.
WATER-SPILL :
USE ACTIVATED CARBON TO ABSORB SPILLED SUBSTANCE THAT IS D ISSOLVED .
USE SUCTION HOSES TO REMOVE TRAPPED SPILL MATERIAL.
USE MECHANICAL DREDGES OR LIFTS TO EXTRACT IMMOBIL IZED MASSES OF °OLLUTION AMD
PRECIPITATES.
THE CALIFORNIA SAFE DRINKING WATER AND TOXIC ENFORCEMENT ACT OF 1 9 8 6
(PROPOSITION 65) PROHIBITS CONTAMINATING ANY KNOWN SOURCE OF DRINKING WATER
WITH SUBSTANCES KNOWN TO CAUSE CANCER AND/OR REPRODUCTIVE TOXICITY.
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OCCUPAT IONAL-SP I LL :
SWEEP i :P XNP PLACE IN SUITABLE CLEAN , DRY CONTA INERS FOR RECLAMATION OR LATER
D I S P O S A L . DO NOT FLUSH SP ILLED MATERIAL INTO SEWER . KEEP UNNECESSARY PEOPLE
A W A Y .

REPORTABLE QUANTITY ( P Q ) : 1 POUND
THF SUPERFUN'D AMENDMENTS AND REAUTHOR IZAT IOV ACT ( S A R A ) SECTION 304 REQUIRES
THAT A RELEASE EQUAL TO OR GREATER THAN THE REPORTABLE QUANTITY FOR THIS
SUBSTANCE BE IMMEDIATELY REPORTED TO THE LOCAL EMERGENCY PLANNING COMMITTEE
AND THE STATE EMERGENCY RESPONSE COMM ISS ION (40 CFR 3 5 5 . 4 0 ) . IF THE RELEASE OF
THIS SUBSTANCE IS REPORTABLE UNDER CERCLA SECTION 1 0 3 , THE NATIONAL RESPONSE
^ENTER MUST BE N'OTIFTFD IMMEDIATELY AT ( 8 0 0 ) 4 2 4 - P 8 0 2 OR ( 2 0 2 ) - 1 2 6 - 2 6 7 5 TV T H FMETRCPOLITAV' W A S H I N G T O N , D . C . AREA f 40 CFR 3 0 2 . SK

PROTECTIVE EQUIPMENT SECTION
VENTILATION:PROVIDE LOCAL EXHAUST OR PROCESS ENCLOSURE VENTILATION TO MEET PUBLISHEDEXPOST 'RE L IM I TS .
RFSP IRATOR :THE FOLLOWING RESP IRATORS AND MAXIMUM USE CONCENTRATIONS ARE RECOMMENDATIONSBY THF U . S . DEPARTMENT OF HEALTH AND HUMAN SERVICES, NTOSH POCKET GUIDE TOCHEMICAL HAZARDS ; N IOSH CRITERIA DOCUMENTS OR BY THE U . S . DEPARTMENT OFL A B O R , 29 CFR 1 9 1 0 SUBPART Z .THE SPECIF IC RESPIRATOR SELECTED MUST BE BASED ON CONTAMINATION LEVELS FOUNDIN THE WORK PLACE, MUST NOT EXCEED THE WORKING LIMITS OF THE RESPIRATOR ANDBE JOINTLY APPROVED BY THE NATIONAL INSTITUTE FOR OCCUPATIONAL SAFETY ANDHEALTH AND THE MINE SAFETY AND HEALTH ADMINISTRATION ( N I O S H - M S H A ) .
f 'OAL TAR PITCH VOLATTLES (POLYCYCLIC AROMATIC H Y D R O C A R B O N S ) :
AT ANY DETECTABLE CONCENTRATION:

ANY SELF-CONTAINED BREATHING APPARATUS WITH FULL FACEPTECE OPERATEDIN PRESSURE-DEMAND OR OTHER POSITIVE PRESSURE MODE .ANY SUPPLIED-AIR RESPIRATOR WITH FULL FACEPIECE OPERATED INPRESSURE-DEMAND OR OTHER POSITIVE PRESSURE MODE IN COMBINAT IONWT^M \V \ l 'X IL IARY SELF-COMTi lVED BREATHING APPARATUS OPERATED TNPRESSURE-DEMAND OR OTHER POSITIVE PRESSURE MODE.
ESCAPE- ANY AIR-PURIFYING FULL FACEPIECE RESPIRATOR ( G A S M A S K ) WITHCHIN-STYLE OR FRONT- OR BACK-MOUNTED ORGANIC VAPOR CANISTER HAVINGA HIGH-EFFICIENCY PARTICIPATE FILTER.ANY APPROPRIATE ESCAPE-TYPE SELF-CONTAINED BREATHING APPARATUS .
FOR FIREFIGHTING AND OTHER IMMEDIATELY DANGEROUS TO LIFE OR HEALTH CONDIT IONS

ANY SELF-CONTAINED BREATHING APPARATUS WITH FULL FACEPIECE OPERATED INPRESSURE-DEMAND OR OTHER POSITIVE PRESSURE MODF.
ANY SUPPL IED-A IR RESPIRATOR WITH FULL FACEPIECE AND OPERATED INPRESSURE-DEMAND OR OTHER POSITIVE PRESSURE MODE IN' COMBINATION WITH ANAUX IL IARY SELF-CONTAINED BREATHING APPARATUS OPERATED IN PRESSURE-DEMANDOR OTHER POSITIVE PRESSURE MODE.
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CLOTHING: m
EMPLOYEE MUST WEAR APPROPRIATE PROTECTIVE ( IMPERV IOUS ) CLOTHING AND EQUIPMEN" £ j
TO PREVENT ANY POSSIB IL ITY OF SKIN CONTACT WITH THIS SUBSTANCE . OSO
GLOVES: °
EMPLOYEE MUST WEAR APPROPRIATE PROTECTIVE GLOVES TO PREVENT CONTACT WITH THT
SUBSTANCE .

EYE PROTECTION:
EMPLOYEE MUST WEAR SPLASH-PROOF OR DUST-RES ISTANT SAFETY GOGGLES AMD A
FACESH IELD TO PREVENT CONTACT WITH THIS SUBSTANCE .
EMERGENCY WASH FACIL IT IES :
WHERE THERE IS ANY POSSIBIL ITY THAT AN EMPLOYEE 'S EYES AND/OR SKIN MAY BE
EXPOSED TO THIS SUBSTANCE, THE EMPLOYER SHOULD PROVIDE AN EYE WASH FOUNTAIN
AND QUICK DRENCH SHOWER WITHIN THE IMMEDIATE WORK AREA FOR EMERGENCY USE .

AUTHORIZED BY- OCCUPATIONAL HEALTH SERVICES , INC .

f ^REAT T ON DATE: 0 3 / 1 8 / 8 5 REVIS ION DATE:
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COAL TAR PITCH VOLATILES
8007-41-2

LV-TWA, 0.2 mg/m", as Benzene Soluble Fraction
Appends All — Recognized Human Carcinogen

The pitch of COtl ur is the b/ack or dirk brown amorphous residue
that remains after the redini/laiion proceu The voittiltt contain a
large guanuty erf tower mofccufar we»fhi poK/cyc/ic hyefrocarioro."-*
As these hydrocarbon! (ruphtna/ene. fluorene. anthracene, acndine,
pne.iantnreneJ sublime inio the air and then? « an increase o<
beruofcjpyrene fSaP or 3.4 >̂enipyieneJ and cOw rufher weight poV
cyc/ic hydfocarooru m the ur and <n the fames Po/ytvc/'C hydro
carooru, known to be carcinogenic an* o/ th« large mo/ecuiar type.

Coal tar ii used at a bate tor coatings and pamu, to' roofing and
paving, and a> a binder tor carbon electrode*.

Doll"' found thai deaths from cancer of the lungs and pleura of
retired gas-worken is approximately (wo times the expected rate.

Coal ur pitch polluted air It characterized by large amounts of
phenanthrene. anthracene, pvrene. and carbazole Coal tar pitch con-
tains approximately 10*« polycydic hydrocarbons, and three differ-
em sample* analyzed bv Sawicki e: <•'' V** > concentration o'
1 .4V BaP alone.
Samples collected in urban and nonurbai sues"' •' contained a

range of 2.*-* 10 yg BaP/g of paniculate (35-2600 ug BaP/g of ben.
zen« fraction or 0. 1 1 -61 jig/1000 nV of air) m the forme' locations
and 0.15-51 Mg BaP/g o' paniculate (9.3-730 pg BaP-'g of benzene
soluble fraction or 0.01- 1 .9 m, BaP/1000 m1 of air! in the latter'-
dunng a three-month period January through March

k Falk et ar"'1*' pointed out tha: the amount o' Bap ir the a>r was
'greater than one would expect on the basis of comparative quantita-
tive emissions of other hydrocarbons. The composition of the
hydrocarbons vanet with time and distance, suggesting differences
in ttabilir> of the compounds The authors conclude thai chrytene,
1,1 3-oeniperyiene. coronene. and BaP are aabie. and phenanthrene.
an •'unidentified hydrocarbon" and anthranthrene are most readily
destroyed, utuallv within 48 hours Intermediaie stabdiry is demon-
strated by pyene (58*. recovery m 48 hours; and fluorannrene (BO'.
recovery in 48 hours).

Stability of po'ycyclic hydrocarbons was alto studied by Commms
and Ijwshev"1' The\ pomt ou: ma^ the temperature applied to timer
the filter used to collect the sample altered the apparent stability (or
BaP. They concluded that the niter should never be subjected to tem-
peratures above 100'C: no lots of BaP was found after heating 100
iig BaP on a sintered disc m a Mated tube at 100'C for seven hours.

In further expenmenu. Kotm et a" painted the imerscapular area
o< C5? black mice three time* weeily with benzene enraca of natural
smog Fini tumors appeared 46$ days following the initial application.

Fairhall'1' stated that fumes of dutt from native asphalt do not
present a wbttantal health hazard m companion with coal tar fume
or dutt. citing the work of Hueper"* and Davtes."41 Hueper"" alto
pointed out (hat. at a ru4e. a minimal time of exposure of one to
five yean it required to Develop occupational cancer. Similarly, oc-
cupational cancers orten develop many yean after exposure to car-
cinofent hat ceased Simmers'*' concluded that the degree of
change noted m the lungs of rats breathing air contaminated with
aromatic poiy cyclic hydrocarbons is dote-dependen:.

In its cntern document for coal tar product*. NIO&H cues paoet
dealing primarily with coke oven and aluminum potroom wor-
kers ' ' ' • A Uudv Of aluminum industry potroom workers'* showed
an increase in lung cancer mortality. A paper on this industry m the
Soviet Unwn associates such an increase with concentrations of tarty
lubtunces between 27 and 2130 mg.'m>. while the BaP levels were
between 0.6 and 56 iit/m1."* MigH respiratory mortality among
coke oven workers in Great Bmam was reported."*' Kidney as well
at lung cancer wat relatively prevalent among American coke-even
workers exposed S years or more.4"

Animal sudiet indicating thai lung and kidney tumors we** caused
by exposure to coal tar aerosols were alto cued

The occupational exposure standard recommended by NOSH was
0.1 mt/m' for the cydohexane extranable fraction.1"' A 1977 sum-
mary. however, gives 0-2 mg/m1 u the NlOSH recommendation tor
coal tar pitch volatile*.1"'
In the absence of more definitive information on the identity of

the components of coal tar pitch aerosols responsible for carcino-
genic effects, a TlV bated on the benzene (or other tunable tolvenu
soluble fraction appears to be the most practical compromise If the
concentration of aerosols from coal tar. on this basis it maintained
below 0.2 mg'm', any increase in the incidence of lung and othe'
tumors, due to occupational exposure, should be minima!.
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Occupational Health Guideline for
Coal Tar Pitch Volatiies

INTRODUCTION
This guideline is intended u a source of information for
employee*, employers, physicians, industrial hygierusts,
and other occupational health professionals who may
have a need for such information. It does not attempt to
present all data; rather, it presents pertinent information
and data in summary form.
SUBSTANCE IDENTIFICATION
Anthracene
• Formula: CuH,(• Synonyms: None
• Appearance and odor: Pale sreen solid with a faint
aromatic odor.
Phenanthrene
• Formula: C,«H,«
• Synonyms: None
• Appearance and odor: Colorless solid with a faint
aromatic odor.
Pyrene
• Formula: Ci.H,.
• Synonyms: None
• Appearance: Bright yellow solid
Carbazole
• Formula: CuH.N
• Synonyms: None
• Appearance and odor: Colorless solid with a faint
aromatic odor.
Benzo(a)pyrene
• Formula: C«Hti
• Synonyms: BaP, 3,4-benzopyrene

• Appearance and odor: Colorless aolid with a faint
aromatic odor.
PERMISSIBLE EXPOSURE LIMIT (PEL)
The current OSHA standard for coal tar pitch volatile
a 0.2 milligram of coal tar pitch volatile per cubic
meter of air (mg/m') averaged over an eight-hour work
shift. NIOSH has recommended that the permissible
exposure limit for coal tar products be reduced to 0.1
mg/m1 (cyclohexane-extractable fraction) averaged
over a work shift of up to 10 hours per day, 40 hours per
week, and that coal tar products be regulated as occupa-
tional carcinogens. The NIOSH Criteria Document for
Coal Tar Products and NIOSH Criteria Document for
Coke Oven Emissions should be consulted for more
detailed information.
HEALTH HAZARD INFORMATION
• Routes of exposure
Coal tar pitch volatile can affect the body if they an
inhaled or if they come in contact with the eyes or skin.
• Effect! of oterexporare
Repeated exposure to coal tar pitch volatile has been
associated with an increased risk of developing bronchi-
tis and cancer of the lungs, skin, bladder, and kidneys.
Pregnant women may be especially susceptible to expo-
sure effects tnoc'Mfd with coal tar pitch volatile.
Repeated exposure to these materials may also cause
sunlight to have a more severe effect on a person's skin.
In addition, this type of exposure may cause an allergic
skin rash.• Reportinf signs and symptoms
A physician should be contacted if anyone develops any
signs or symptoms and suspects that they are caused by
exposure to coal tar pitch volatile.
• Recommended medical larreUaace
The following medical procedures should be made
available to each employee who is exposed to coal ur
pitch volatile at potentially hazardous levels:

These recommendations reflect good industrial hygiene and medical surveillance practices and their implementation willassist m achieving an eflectrve occupational health program. However, they may not be fuHioent to achieve compliancewitn an reovemems ol OSHA regulations

U.5. DEPARTMENT OF HEALTH AND HUMAN SERVICES
PubMc Htattn Strvct C«m«rs lor Dtt»»« Centre'
National institute »0' Occuoauonai S«iety ana

VS. DEPARTMENT OF LABOR
Occupational S«i«iy are n«nn AAmmauauon

1»7S
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7. Initial Mdical Examination:
—A complete history and physical examination: The

purpose is to detect preexisting conditions that might
place the exposed employee at increased risk, and to
establish a baseline for future health monitoring. F«mi-
nation of the oral cavity, respiratory tract, bladder, and
kidneys should be (tressed. The skin should be exam-
ined for evidence of chronic disorders, for premalignant
and malignant lesions, and evidence of hyperpigmenta-
tioa or photoseasitivity.
—Urinalysis: Coal tar pitch volatile are associated

with an excess of kidney and bladder cancer. A urinal y-
BS should be obtained to include at a minimum specific
gravity, albumin, glucose, and a microscopic on centri-
fuged sediment, as well as a tat for red blood cells.
—Urinary cytology: Coal tar pitch volatile* are asso-

ciated with an excess of kidney and bladder cancer.
Employees having 5 or more yean of exposure or who
are 45 yean of age or older should have a urinary
cytology examination.

—Sputum cytology: Coal tar pitch volatiJes are asso-
ciated with an excess of lung cancer. Employees having
10 or more yean of exposure or who are 45 yean of age
or older should have a sputum cytology examination.

—14" x IT' chest roentgenogram: Coal tar pitch
volatile are sMocisted with an excess of lung cancer.
Surveillance of the lungs is indicated.

—FVC and F£V (1 sec): Coal tar pitch volatile: are
reported to cause an neeu of bronchitis. Periodic
surveillance is indicated.
—A complete blood count: Due to the possibility of

benzene exposure associated with coal tar pitch vola-
tile*, a complete blood count is considered necessary to
search for leukemia and aplastic anemia.
—Skin disease: Coal tar pitch volatile are defarting

agents and can cause dermatitis on prolonged exposure.
Persons with pre-exisung skin disorders may be more
susceptible to the effects of these agents.
2. Periodic Mtdicel Examination: The aforementioned
medical examinations should be repeated oa an annual
basis, and sema-annually for employee 45 yean of age
or older or with 10 or more yean' exposure to coal tar
pitch volatile.
• Summary of toxicology
Coal tar pitch volatile (CTPV) are products of the
detractive distillation of bituminous coal and contain
polyauclear aromatic hydrocarbons (PNA's). Thee
hydrocarbons sublime readily, thereby increasing the
•mounts of carcinogenic compounds in working areas.
Epidemiologic evidence suggests that worken intimate-
ly exposed to the products of combustion or distillation
of bituminous coal are at increased risk of ̂ n"»r at
many sites. These include cancer of the respiratory
tract, kidney, bladder, and skin. In a study of coke oven
worken, the level of exposure to CTPV and the length
of time exposed were related to the development of
cancer. Coke oven worken with the highet risk of
cancer were those employed exclusively at topside jobs
for 5 or more years, for whom the increased risk of

dying from lung cancer was 10-fold; all coke oven
worken had a 7-V4-fold increase in mk of dying from
kidney cancer. Although the causative agent or agents
of the cancer in coke oven worken is unidentified, it is
suspected that several PNA's in the CTPV generated
during the coking process are involved. Certain indus-
trial populations exposed to coal tar products have a
demonstrated risk of skin cancer. Substance containing
PNA's which may produce skin cancer also produce
contact dermatitis; examples are coal ur. pitch, and
cutting oils. Although allergic dermatitis is readily
induced by PNA's in guinea pigs, it is only rarely
reported in humans from occupational contact with
PNA's; these have resulted largely from the therapeutic
use of coal tar preparations. Components of pitch and
coal tar produce cutaneous photoaensitizatioa; skin
eruptions are usually limited to areas exposed to the son
or ultraviolet light. Most of the pbototoxk agents will
induce hypermelanosis of the skin; if chronic photoder-
matitis is severe and prolonged, leukoderma may occur.
Some oils containing PNA's have been associated with
change of foUicular and sebaceous glands which com-
monly take the form of acne. There is evidence that
exposure to emissions at coke ovens and gas retorts
may be associated with an increased occurrence of
chronic bronchitis. Coal tar pitch volatile may be
associated with benzene, an agent suspected of causing
leukemia *ni^ known to rsprf aplastic

m
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CHEMICAL AND PHYSICAL PROPERTIES
• Physical data— Anthracene

1. Molecular weight: 171.2
2. Boiling point (760 mm Hg): 340 C (644 F)
3. Specific gravity (water » 1): 1.24
4. Vapor density (air • 1 at boiling point of anthra-

cene): 6. 15
5. Melting point: 217 C (423 F)
6. Vapor pressure at 20 C (68 F): Less than 1 mm Hg
7. Solubility in water, g/100 g water at 20 C (68 F):

Insoluble
8. Evaporation rate (butyl acetate - 1): Not applica-

ble• Physical data— PheBaBthrtae
1. Molecular weight: 178.2
2. Boiling point (760 mm Hg): 340 C (644 F)
3. Specific gravity (water » 1): 1 - 18
4. Vapor density (air - 1 at boiling point of phen-

anthrene):6.15
5. Melting point: 100.5 C (2 1 3 F)
6. Vapor pressure at 20 C (68 F): Less than 1 am Hg
7. Solubility in water, g/100 g water at 20 C (68 F):

Insoluble
8. Evaporation rate (butyl acetate - 1): Not applica-

ble
• Physical data— Pyreae

1. Molecular weight: 202.3
2. Boiling point (760 mm Hg): Greater than 360 C

(greater than 680 F)
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3. Specific gravity (water « 1): 1.28
4. Vapor density (air • 1 at boiling point of pyrene):

6.9
5. Melting point: 150.4 C (303 F)
6. Vapor pressure at 20 C (68 F): Less than 1 nun Kg
7. Solubility in water, g/100 g water at 20 C (68 F):

Insoluble8. Evaporation rate (butyl acetate « 1): Not applica-
ble• Physical data—Carbaxok

1. Molecular weight: 167.2
2. Boiling point (760 mm Hg): 355 C (67 IF)
3. Specific gravity (water « 1): Greater than 1
4. Vapor density (air • 1 at boiling point of carba-

sole): 5.8
3. Melting point: 246 C (475 F)
6. Vapor pressure at 20 C (68 F): Less than 1 mm Hg
7. Solubility in water, g/100 g water at 20 C (68 F):

Insoluble
t. Evaporation rate (butyl acetate * 1): Not applica-

ble
• Physical data—Benzo(a>pvreae

1. Molecular weight: 252.3
2. Boiling point (760 mm Hg): Greater than 360 C

(greater than 6SO F)
3. Specific gravity (water — 1): Greater than 1
4. Vapor density (air « 1 at boiling point of

benzo(a)pyrene): 8.7
5. Melting point: 179 C (354 F)
6. Vapor pressure at 20 C (68 F): Less than 1 mm Hg
7. Solubility in water, g/100 g water at 20 C (68 F):

Insoluble
8. Evaporation rate (butyl acetate « 1): Not applica-

ble
• Reactirity

1. Conditions contributing to instability: None haz-
ardous

2. Incompatibilities: Contact with strong oxidizers
may cause (ires and explosions.

3. Hazardous decomposition products: None
4. Special precautions: None

• Flammability
1. Flash point: Anthracene: 121 C (250 F) (closed

cup); Others: Data not available
2. Autoignition temperature: Anthracene: 540 C

(1004 F); Others: Data not available
3. Flammable limits in air. % by volume: Anthra-

cene: Lower: 0.6; Others: Data not available
4. Extinguishant: Foam, dry chemical, and carbon

dioxide
• Waning properties
Grant states that "coal tar and its various crude frac-
tions appear principally to cause reddening and squa-
moui eczema of the lid margins, with only small ero-
sions of the corneal epithelium and superficial changes
in the stroma, which disappear in a month following
exposure. Chronic exposure of workmen to tar fumes
and dust has been reported to cause conjunctivitis and
discoloration of the cornea in the palpebral fissure.

either near the limbus or, in extreme cases, across the ^
whole cornea. Occasionally, epithelioma of the lid ^
margin has been attributed to contact with coal tar." C
MONITORING AND MEASUREMENT C

PROCEDURES
• General
Measurements to determine employee exposure are best
taken so that the avenge eight-hour exposure is based
on a single eight-hour sample or on two four-hour
samples. Several short-time interval samples (up to 30
minutes) may also be used to determine the average
exposure level. Air samples should be taken in the
employee's breathing zone (air that would most nearly
represent that inhaled by the employee).• Method
Coal tar products may be sampled by collection on a
glass fiber filter with subsequent ultrasonic extraction
and weighing. An analytical method for coal tar pitch
volatile is in the MOSH Manual of Analytical Method*.
2nd Ed., Vol. 1, 1977, available from the Government
Printing Office, Washington, D.C. 20402 (GPO No.
017-033-00267-3).
RESPIRATORS
• Good industrial hygiene practices recommend that
engineering controls be used to reduce environmental
concentrations to the permissible exposure level. How-
ever, there are some exceptions where respirators may
be used to control exposure. Respirators may be used
when engineering and work practice controls are not
technically feasible, when such controls are in the
process of being installed, or when they fail and need to
be supplemented. Respirators may also be used for
operations which require entry into tanks or closed
vessels, and in emergency situations. If the use of
respirators is necessary, the only respirators permitted
are those that have been approved by the Mine Safety
and Health Administration (formerly Mining Enforce-
ment and Safety Administration) or by the National
Institute for Occupational Safety and Health.
• In addition to respirator selection, a complete respira-
tory protection program should be instituted which
includes regular training, i"*'**>*ninr>. inspection,
cleaning, and evaluation.
PERSONAL PROTECTIVE EQUIPMENT
• Employees should be provided with and required to
use impervious clothing, gloves, face shields (eight-inch
minimum), and other appropriate protective clothing
necessary to prevent skin contact with condensed coal
tar pitch volatile*, where skin contact may occur.
• If employees'clothing may have become contaminat-
ed with coal tar pitch volatile*, employees should
change into uncontaminated clothing before leaving the
work premises.
• Clothing contaminated with coal tar pitch volatile*
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ihooJd be placed in closed conuinen for storage until it
can be discarded or until provision is made for the
removal of coal tar pitch volatile* from the clothing. If
the clothing is to be laundered or otherwise cleaned to
remove the coal tar pitch volatile!, the person perform-
ing the operation should be ia/onned of coal tar pitch
volatile'! hazardous properties.
• Employees should be provided with and required to
use splash-proof safety goggles where condensed coal
tar pitch volatile may contact the eyes.
SANITATION
• Workers subject to akin contact with coal tar pitch
volatile should wash with soap or mild detergent and
water any areas of the body which may have contacted
coal tar pitch volaoles at the end of each work day.
• Employees who handle coal tar pitch volaoles should
wash their hands thoroughly with soap or mild deter-
gent and water before eating, smoking, or using toilet
facilities.
• Areas in which exposure to coal tar pitch volatile
may occur should be 'identified by signs or other
appropriate means, and access to these areas should be

to authorized persons.
COMMON OPERATIONS AND CONTROLS
The following list include some common operations in
which exposure to coal tar pitch volatile may occur
and control methods which may be effective in each
case:

Operation
liberation from
extraction and
packaging from coal tar
traction of coking

Use as a binding agent
in manufacture of coal
briquettes used for fuel:
use as a dielectric in themanufacture of batteryelectrodes, electric-arc
furnace electrodes, andelectrodes for aluminareduction
Use in manufacture of
roofing fetts and papers
and roofing

Controls
Process enclosure:local exhaust
ventilation; general
dilution ventilation:
personal protective
equipment
Process enclosure;local exhaust
ventilation: general
dilution ventilation;
personal protectiveequipment

Process enclosure;local exhaustventilation; generaldilution ventilator.;
personal protective
equipment

Operation
Use for protective
coatings for pipes for
underground conduitsand drainage; use as acoating on concrete aswaterproofing and
corrosion-resistant
material; use in roadpaving and sealing
Use in manufacture and
repair of refractory
brick; use In productionof foundry cores; use inmanufacture of carbonceramic Items

Controls
Process enclosure;local exhaust
ventilation; generaldilution ventilation;
personal protectiveequipment

Process enclosure;local exhaustventilation; generaldilution ventilation;
personal protectiveequipment

EMERGENCY FIRST AID PROCEDURES
In the event of an emergency, institute first aid proce-
dures and send for first aid or medical f"""n~
• ErcExpocvt
If condensed coal tar pitch volatile get into the eyes,
wash eyes immediately with large amounts of water,
lifting the lower and upper lids occasionally. If irritation
is present after washing, get medical attention. Contact
lenses should not be worn when working with these
chemicals.
• Skin Ei
If condensed coal tar pitch volatile get on the skin.
wash the contaminated skin using soap or ""'̂  deter-
gent and water. Be sure to wash the hands before eating
or smoking and to wash thoroughly at the close of
work.
• Breathing
If a person breathe in large amounts of coal tar pitch
volatile, move the exposed person to fresh air at once.
If breathing has stopped, perform artificial respiration.
Keep the affected person warm and at rest. Get medical
attention as soon as possible.
• Rescue
Move the affected person from the hazardous exposure.
If the exposed person has been overcome, notify some-
one else and put into effect the established emergency
rescue procedures. Do not become a casualty. Under-
stand the facility's emergency rescue procedures and
know the locations of rescue equipment before the need

SPILL AND DISPOSAL PROCEDURES
• Persons not wearing protective equipment and cloth-
ing should be restricted from areas of releases until
cleanup has been completed.
• If coal tar pitch volatile are released in hazardous
concentrations, the following steps should be taken:
1. Ventilate area of spill.

oom
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2. Collect released material in the most convenient and
ufe manner for reclamation or for disposal in sealed
containers in a secured sanitary landfill.
• Waste disposal method:
Coal tar pitch volatile may be disposed of in sealed
containers in a secured sanitary landfill.
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RESPIRATORY PROTECTION FOR COAL TAR PITCH VOLATILES

Condition Minimum Respiratory Protection*
Required Above 0.2 mg/m' OSOOPaniculate and VaporConcentration ,

2 mg/m' or less A chemical cartridge respirator with an organic vapor cartridge(s) and with afume or high-efficiency filter.
Any supplied-air respirator.
Any self-contained breathing apparatus.

10 mg/m* or less A chemical cartridge respirator with a fun facepiece and an organic vaporcartridge(s) and with a fume or high-efficiency filter.
A gas mask with a chin-style or a front* or back-mounted organic vapor canisterand with a full facepiece and a fume or high-efficiency fitter.
Any supplied-air respirator with a full facepiece. helmet or hood.
Any self-contained breathing apparatus with a full facepiece.

200 mg/rn* or less A Type C supplied-air respirator operated in pressure-demand or other positive
pressure or continuous-flow mode.
A powered air-purifying respirator with an organic vapor cartridge and a high-efficiency paniculate filter.

400 mg/m» or less A Type C supplied-air respirator with a full facepiece operated in pressure-
demand or other positive pressure mode or with a full facepiece, helmet or hoodoperated in continuous-flow mode.

Greater than 400 mg/m' or
entry and escape from
unknown concentrations

Self-contained breathing apoaratus with a full facepiece operated in pressure-
demanc or other positive pressure mode.

A combination respirator which includes a Type C supplied-air respirator with a
full tacepiece operated in pressure-demand or other positive pressure or continu-ous-flow mode and an auxiliary sell-contained breathing apparatus operated inpressure-demand or other positive pressure mode.

Fire Fighting Self-contained breathing apparatus with a full facepiece operated in pressure-demand or other positive pressure mode.

Escape Any gas mask providing protection against organic vapors and paniculate*,
including pesticide respirators which meet the requirements of this class.
Any escape self-contained breathing apparatus.

'Only NlOSH-approved or MSHA-approved equipment should be used.
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Occupational Health Guideline for
Naphthalene

INTRODUCTION
This guideline is intended as • source of information for
employees, employers, physicians. industhaJ hygienjsts.
and other occupational health professionals who mty
have a need for such information. It does aot attempt to
present all data; rather, h presents pertinent information
frtet gam jo imnmary form.
SUBSTANCE IDENTIFICATION
• Formula: Ci*H«
• Synonyms: White tar; naphthalin
• Appearance and odor Colorless to brown solid with
the odor of mothballs.
PERMISSIBLE EXPOSURE LIMIT (PEL)
The current OSHA standard for naphthalene is 10 pans
of naphthalene per million pans of air (ppm) averaged
over an eight-hour work shift. This mty aJso be ex-
pressed as 30 milligrams of naphthalene per cubic meter
ofair(mg/m').
HEALTH HAZARD INFORMATION
• Roata of exposure
Naphthalene can affect the body if h is inhaled, if h
comes in contact with the eyes or skin, or if it is
swallowed. It may enter the body through the skin.
• Effects of ovcrexposure
/. Shon-urm Exposun: InhaJation or mgestion of naph-
thalene may cause abdominal cramps, nausea, vomiting,
diarrhea, headache, tiredness, confusion, painful urina-
tion, and bloody or dark urine. Swallowing large
amounts may cause convulsions or coma. Inhalation,
ingestion, and possibly skin absorption of naphthalene
may cause destruction of red blood cells with anemia,
fever, yellow jaundice, bloody urine, kidney and liver
damage. Naphthalene, on contact with the eyes, has
produced irritation. Naphthalene, on contact with the
•kin. has produced skin irritation.

sure: Repeated skin exposure to naph-
thalene may cause an allergic rash. Repeated exposure
may cause cataracts.
J. Rtpomng Signs and Symptom* A physician should be
contacted if anyone develops any signs or symptoms
and suspects that they are caused by exposure to
naphthalene.
• Recommended nodical tarreUlaBet
The following medical procedures should be made
available to each employee who is exposed to naphtha-
lene at potentially hazardous levels:
1. Initial Mtdical Examination:
—A complete history and physical examination: The

purpose is to detect pre-existing conditions that might
place the exposed employee at increased risk, and to
establish a baseline for future health monitoring. Per-
sons with a deficiency of glucose-o^pbotphate dehydro-
genase in erythrocytes may be at increased risk from
exposure. Examination of the eyes, blood, liver aad
kidneys should be stressed. The skin should be exam-
ined /or evidence of chrome disorders.
—A complete blood count: Naphthalene has been

shown to cause red blood cell hemolysis. A complete
blood count should be performed, including a red cell
count, a wjute cell count, and a differential count of a
stained smear, as well as hemoglobin aad bematocm.
—Urinalysis: Since kidney damage may also occur

from exposure to naphthalene, a ohnalysis should be
performed, including at a minim am specific gravity,
albumin, glucose, and a microscopic on centrifuged
sediment.
2. Ptriodic Mtdical Examination: The aforementioned
medical examinations should be repeated on an annual
basis.• Summary of toxicology
Naphthalene vapor causes hemolysis and eye irritation;
it may cause cataracts. Severe intoxication from inges-
tion of the solid results in characteristic manifestations
of marked intravascular hemolysis aad its conse-
quences, including potentially fatal hyperkalemia. Ini-
tial symptoms include eye irritation, headache, confu-

These recommendations reflect good mammal hygitne and medical surveillance practices and their implementation w*m achieving an eflecuvo occupational hearth program. However, mey may not be sufficient to achieve compliancewith all requirements o< OSHA regulations.
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non. excitement, malaise, profuse sweating, nausea,
vomiting, abdominal pain, and irritation of the bladder;
there may be progression to jaundice, bematuria. hetno-
globinuna. renal tubular blockage, and acute renal
shutdown. Kematologic features include red cell frag-
mentation, icterus, severe anemia with nucleated red
cells, leukocytosis, and dramatic decreases in hemoglo-
bin, hematocrit, and red cell count; sometimes there is
formation of Heinz bodies and methemoglobm. Individ-
uals with a deficiency of glucose-6-phospbate dehydro-
feniae in erythrocytes may be aore susceptible to
hemotysis by naphthalene. Cataracts and ocular irrita-
tion have been produced experimentally in animals and
have been described in humans; of 21 workers exposed
to high concentrations of fume or vapor for 3 yean, 8
had peripheral lens opacities; in other studies no abnor-
malities of the eyes have been detected in workers
exposed to naphthalene for several yean. The vapor
causes eye irritation at 15 ppm; eye contact with the
•olid may result in conjunctivitis, superficial injury to
the cornea, chorioretinitis, scotoma. and diminished
visual acuity. Naphthalene on the skin may cause hyper-
sensitivity dermatitis; chrome dermatitis u rare.
CHEMICAL AND PHYSICAL PROPERTIES
• Physical data

1. Molecular weight. 128.2
2. Boiling point (760 mm Hg): 218 C (424 F)
3. Specific gravity (water • 1): 1 . 14
4. Vapor density (air •> 1 at boiling point of naphtha-

lene): 4.4
5. Melting point: 74- 80 C ( 165 - 176 F)
6. Vapor pressure at 20 C (68 F): 0.05 mm Hg
7. Solubility in water, g/100 g water at 20 C (68 F):

0.003
8. Evaporation rate (butyl acetate « 1): Much less

than 1
• ReaetiTiry

1. Conditions contributing to instability: None.
2. Incompatibilities: Contact with strong oxidizen

may cause fires and explosions.
3. Hazardous decomposition products: Toxic gases

and vapon (such as dense acrid smoke and carbon
monoxide) may be released in a fire involving naphtha-
lene.

4. Special precautions: Melted naphthalene will
attack some forms of plastics, rubber, and coatings.
• Flammabiliry

1. Flash point: 79 C (174 F) (closed cup)
2. Autoignition temperature: 526 C (979 F)
3. Flammable limits in air, % by volume: Lower: 0.9;

Upper: 5.9
4. Extinguishing Carbon dioxide, dry chemical,

foam
• Waning properties

1. Odor Threshold: The AIHA Hygienic Cuidt re-
ports that the odor threshold of naphthalene is "at least
as low as 0.3 ppm."

2. Eye Irritation Level: The Hygienic Cuidt states
that "naphthalene vapor is reported to cause eye irrita-
tion at 15 ppm or above in air."

3. Evaluation of Warning Properties: Through its
odor and irritant effects, naphthalene can be detected at
or below the permissible exposure limit. Naphthalene,
therefore, is treated as a material with good warning
properties.
MONITORING AND MEASUREMENT
PROCEDURES
• General
Measurements to determine employee exposure are best
taken so that the average eight-hour exposure a based
on a single eight-hour sample or on two four-hour
samples. Several short-tune interval samples (up to 30
minutes) may also be used to determine the average
exposure level. Air samples should be taken in the
employee's breathing zone (air that would most nearly
represent that inhaled by the employee).
• Method
Sampling and analyses may be performed by collection
of vapon using an adsorption tube with subsequent
desorption with carbon disulfide and gas chromatogra-
phic analysis. Also, detector tubes certified by NIOSH
under 42 CFR Pan 84 or other direct-reading devices
calibrated to measure naphthalene may be used. An
analytical method for naphthalene is in the NIOSH
Manual of Analytical Mtihodi. 2nd Ed., Vol. 4, 1978.
available from the Government Printing Office. Wash-
ington. D.C. 20402 (GPO No. 017-033-00317-3).

RESPIRATORS
• Good industrial hygiene practices recommend that
engineering controls be used to reduce environmental
concentrations to the permissible exposure level. How-
ever, there are some exceptions where respiraton may
be used to control exposure. Respiraton may be used
when engineering and work practice controls are not
technically feasible, when such controls are in the
process of being installed, or when they fail and need to
be supplemented. Respirators may also be used for
operations which require entry into tanks or closed
vessels, and in emergency situations. If the use of
respiraton is necessary, the only respiraton permitted
are those that have been approved by the Mine Safety
and Health Administration (formerly Mining Enforce-
ment and Safety Administration) or by the National
Institute for Occupational Safety and Health.
• In addition to respirator selection, a complete respira-
tory protection program should be instituted which
includes regular training, maintenance, inspection.
cleaning, and evaluation.

<N
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PERSONAL PROTECTIVE EQUIPMENT
• Employees should be provided with and required to
use impervious clothing, gloves, face shields (eight-inch
minimum), and other appropriate protective clothing
necessary to prevent repeated or prolonged skin contact
with naphthalene or liquids containing naphthalene.
• If employees' clothing may have become contaminat-
ed with solid naphthalene, employees should change
into uncontaminated clothing before leaving the work
premises.
• Clothing contaminated with naphthalene should be
placed in closed containers for storage until it can be
discarded or until provision is made for the removal of
naphthalene from the clothing. If the clothing is to be
laundered or otherwise cleaned to remove the naphtha-
lene, the person performing the operation should be
informed of naphthalene's hazardous propenies.
• Non-impervious clothing which becomes contami-
nated with naphthalene should be removed promptly
and not reworn until the naphthalene is removed from
the clothing.
• Employees should be provided with and required to
use dust- and splash-proof safety goggles where solid
naphthalene or liquids containing naphthalene may
contact the eyes.
SANITATION
• Skin that becomes contaminated with naphthalene
should be promptly washed or showered with soap or
mild detergent and water to remove any naphthalene.
• Eating and smoking should not be permitted in areas
where solid naphthalene is handled, processed, or
stored.
• Employees who handle naphthalene or liquids con-
taining naphthalene should wash their hands thorough-
ly with soap or mild detergent and water before eating.
smoking, or using toilet facilities.
COMMON OPERATIONS AND CONTROLS
The following list includes some common operations in
which exposure to naphthalene may occur and control
methods which may be effective in each case:

Operation
Formulation of
insecticide and mothrepellant as flakes,
powder, balls, or cakes

Use as a fumigant for
motn repellant and
insecticide

Controls
Local exhaust
ventilation; general
dilution ventilation:
personal protectiveequipment
General dilution
ventilation; personal
protective equipment

Operation
Use in manufacture of
chemical intermediates
for production of
pharmaceuticals, resins.dyes, plasticaers,
solvents, coatings,
insecticides, pigments,rubber chemicals,tanning agents,
surfactants, waxes.cable coatings, textile
spinning lubncants,
rodentcides, and in
storage batteries
Manufacture ofnaphthalene

Controls
Local exhaust
ventilation; general
dilution ventilation;
personal protectiveequipment

Local exhaust
ventilation; processenclosure; generaldilution ventilation;
personal protective
equipment

EMERGENCY FIRST AID PROCEDURES
In the event of an emergency, institute first aid proce-
dures and send for Ant aid or medical assistance.
• Eye Exposure
If naphthalene or liquids containing naphthalene get
into the eyes, wash eyes immediately with large
amounts of water, lifting the lower and upper lids
occasionally. If irritation is present after washing, get
medical attention. Contact lenses should sot be worn
when working with this chemical.
• Skin Exposure
If molten naphthalene gets on the skin, immediately
flush the skin with large amounts of water. Get medical
attention immediately. If naphthalene or liquids con-
taining naphthalene get on the skin, promptly wash the
contaminated skin using soap or mild detergent and
water. If naphthalene or liquids containing naphthalene
penetrate through the clothing, remove the clothing
immediately and wash the skin using soap or mild
detergent and water. If irritation persists after washing.
get medical attention.
• Breathing
If a person breathes in large amounts of naphthalene,
move the exposed person to fresh air at once.
• Swallowing
When naphthalene has been swallowed and the person
is conscious, give the person Urge quantities of water
immediately. After the water has been swallowed, try
to get the person to vomit by having him touch the back
of his throat with his finger. Do not make an uncon-
scious person vomit. Get medical attention immediate-iy-• Rescue
Move the affected person from the hazardous exposure.
If the exposed person has been overcome, notify some-
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one else and put into effect the established emergency
rescue procedures. Do not become a casualty. Under-
stand the facility's emergency rescue procedures and
know the locations of rescue equipment before the need
arises.
SPILL AND DISPOSAL PROCEDURES
• Persons not wearing protective equipment and cloth-
ing should be restricted from areas of spills until cleanup
has been completed.
• If naphthalene is spilled, the following steps should be
taken:
1. Ventilate area of spill.
1 For small quantities, sweep onto paper or other
suitable material, place in an appropriate container and
bun in a safe place (such as a fume hood). Large
quantities may be reclaimed; however, if this is not
practical, dissolve in a flammable solvent (such as
alcohol) and atomize in a suitable combustion chamber.
• Waste disposal methods:
Naphthalene may be disposed of:
1. By nuking packages of naphthalene in paper or
other flammable material and burning in a suitable
combustion chamber.
2. By dissolving naphthalene in a flammable solvent
(such as alcohol) and atomizing in a suitable combustion
chamber.
ADDITIONAL INFORMATION
To find additional information on naphthalene, look up
naphthalene in the following documents:
• Medical Surveillance for Chemical Hazards
• Respiratory Protection for Chemical Hazards
• Personal Protection and Sanitation for Chemical
Hazards
These documents are available through the NIOSH
Division of Technical Services, 4676 Columbia Park-
way, Cincinnati. Ohio 45226.
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RESPIRATORY PROTECTION FOR NAPHTHALENE

Condition

Paniculate and Vapor
Concentration
500 ppm or less

Minimum Respiratory Protection*
Required Above 10 ppm

10

OO

A chemical cartridge respirator with a full facepiece. organic vapor earthdge(s).and dust filter.
A gas mask with a chin-style or a front- or back-mounted organic vapor canister
and dust filter.
Any supplied-air respirator with a fun facepiece, helmet, or hood.
Any self-contained breathing apparatus with a full faeepieee.

Greater than 500 ppm or
entry and escape from
unknown concentrations

Self-contained breathing apparatus with a full facepiece operated in pressure-
demand or other positive pressure mode.

A combination respirator which includes a Type C supplied-air respirator with a
full facepiece operated in pressure-demand or other positive pressure or continu-ous-flow mode and an auxiliary self-contained breathing apparatus operated in
pressure-demand or other positive pressure mode.

Fire Fighting Self-contained breathing apparatus with a full facepiece operated in pressure-demand or other positive pressure mode.

Escape Any gas mask providing protection against organic vapors and partculates.
Any escape self-contained breathing apparatus.

'Only NIOSH-approved or MSHA-approved equipment should be used.
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Occupational Health Guideline for
Chromium Metal and Insoluble Chromium Salts*

oo

INTRODUCTION
This guideline is intended as a source of information for
employees, employers, physicians, industrial bygienists,
and other occupation*] health professionals who may
have a need for such information. It does not attempt to
present aJl data; rather, h presents pertinent information
and data in summary form.
APPLICABILITY
The general guidelines contained in this document
apply to all chromium metal and insoluble chromium
salts. Physical and chemical properties of some specific
compounds are provided for illustrsnve purposes.
SUBSTANCE IDENTIFICATION
Metallic chromium
• Formula: Cr
• Synonyms; None
• Appearance and odor: Shiny, odorless metal.
Copper chromite
• Formula; CutCrtO.
• Synonyms: Cuprous chromite
• Appearance and odor: Greeaish-blue, odorless solid.
PERMISSIBLE EXPOSURE LIMIT (PEL)
The current OSHA standard for chromium metal or
insoluble chromium salts is 1 milligram of chromium
metal or insoluble chromium salts per cubic meter of air
(mg/m1) averaged over an eight-hour work shift Cer-
tain forms of chromium (VI) have been found to cause
increased respiratory cancer among workers. Certain
other forms of chromium (VI) are currently believed to
be non<arcinogenic: The non-carcinogenic forms are
the monochromates and bichromates (dichromates) of
hydrogen, lithium, sodium, potassium, rubidium.

cesium, and ammonium, and chromium (VI) oxide
(chromium acid anhydride). NIOSH has not conducted
an in-depth study of the toxicity of chromium metal or
compounds containing chromium in an oxidation state
other than 6. NIOSH recommends that the permissible
exposure limit for carcinogenic chromium (VI) com-
pounds be reduced to 0.001 Cr (VI) mg/m* and that
these compounds be regulated as occupational carcino-
gens. NIOSH also recommends that the permissible
exposure limit for non-carcinogenic chromium (VI) be
reduced to 0.025 Cr (VI) mg/m' averaged over a work
shift of up to 10 hours per day, 40 hours per week, with
a ceiling level of O.OS Cr (VI) mg/m' averaged over a
15-minute period. It is further recommended that chro-
mium (VI) in the workplace be considered carcinogen-
ic, unless it has been demonstrated that only the non-
carcinogenic chromium (VI) compounds mentioned
above are present. The NIOSH Criteria Documents for
Chromic Acid and Chromium (VI) should be consulted
for more detailed information.
HEALTH HAZARD INFORMATION
• RoBtec of exposure
Chromium metal or insoluble chromium salts can affect
the body If they are inhaled. They can also affect the
body if they are swallowed.
• Effects of overexposure
Ferro chrome alloys have been associated with lung
changes in workers exposed to these alloys. Chromite
dust exposure may cause minor lung changes.
• Reporting signs and symptoms
A physician should be contacted if anyone develops any
signs or symptoms and suspects that they are caused by
exposure to chromium metal or insoluble chromium
salts.
• Recommended medical mrreQlanct
The following medical procedures should be made
available to each employee who is exposed to chromi-
um metal or insoluble chromium salts at potentially
hazardous levels:

These recommendations reflect good industrial hygiene and medical surveillance practices and their motementation winassis: m achieving an effective occupational hearth program. However. they may net be sufficient 10 achieve compliancewith all requirements of OSHA regulations

U.S. DEPARTMENT Of HEALTH AND HUMAN SERVICES
PUOUC H«tnn Scrvict C*ni«'» te* O<M«M Control
National institute tor Occupation*1 &ai«ry ana H«»i!n

U.S. DEPARTMENT OF LABOR
Occupational S*nry ane H««un

tart
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1. Initial Medical Examination:
—A complete history and physical examination: The

purpose is to detect pre-existing conditions that might
place the exposed employee at increased risk, and to
establish a baseline for future health monitoring. Exami-
nation of the respiratory system should be stressed.

— 14" x IT' chest roentgenogram: Chromium and its
insoluble salts may cause human lung damage. Surveil-
lance of the lungs is indicated.—FVC and FEV (1 sec): Insoluble chromium salts
are reported to cause decreased pulmonary function.
Periodic surveillance is indicated.
2. Ptriodic Mtdical Examination: The aforementioned
medicaJ examinations should be repeated on an annuaJ
basis.
• Suunary of toxicology
The dusts of chromium metal and its insoluble salts,
chiefly the chromites. are usually reported to be rela-
tively nontoxic; this is debatable, since exposures associ-
ated with toxic effects are usually mixed exposures
involving several hexavalent chromium compounds.
Fcrrochrome alloys have been associated with pulmon-
ary disease in humans. Four workers engaged in the
production of ferrochrome alloys developed a nodular
type of pulmonary disease with impairment of pulmon-
ary function; air concentrations of chromium in thus
study averaged 0.26 mg/tnj, although other fumes and
dusts were also present. This pulmonary problem may
be one of hypersensitivity and thus reversible. Other
reports state that chest roentgenograms have revealed
only "exaggerated pulmonic markings" in workers ex-
posed to chromite dust. The lungs of groups of workers
exposed to chromite dust have been shown to be the
seat of pneumoconiouc changes consisting of slight
thickening of interstitial tissue and interalveolar septa,
with histologic fibrosis and hyalinization. Chromite ore
roast mixed with sheep fat implanted intrapleurally in
rats produced squamous cell carcinomata coexisting
with sarcomata of the lungs; the same material implant-
ed in the thighs of rats produced fibrosarcomau. A
refractory plant using chromite ore to cuke chromite
brick had no excess of lung cancer deaths over a 14-year
period, and it was concluded that chromite alone prob-
ably is not carcinogenic.
CHEMICAL AND PHYSICAL PROPERTIES
• Physical data—Metallic chromium

1. Molecular weight: 52
2. Boiling point (760 ma Kg): 2640 C (4784 F)
3. Specific gravity (water « 1): 7.2
4. Vapor density (air » 1 at boiling point of metallic

chromium): Not applicable
3. Melting point: 1900 C (34J2 F)
6. Vapor pressure at 20 C (6S F): Essentially zero
7. Solubility in water, g/100 g water at 20 C (6S F):

Insoluble
8. Evaporation rate (butyl acetate * 1): Not applica-

ble

• Physical data—Copper cbromitc
1. Molecular weight: 295 . 1
2. Boiling point (760 mm Hg): Data not available
3. Specific gravity (water » 1 ) :5 .24
4. Vapor density (air » 1 at boiling point of copper

chromite): Not applicable
5. Melting point: Data not available
6. Vapor pressure at 20 C (68 F): Essentially zero
7. Solubility in water, g/100 g water at 20 C (68 F)

Insoluble
8. Evaporation rate (butyl acetate • I): Not applica-

ble
• Physical data—Basic potassium zinc chromate

1. Molecular weight: 873.8
2. Boiling point (760 mm Hg): Decomposes at red

heat
3. Specific gravity (water « 1) :3.47
4. Vapor density (air - 1 at boiling point of basic

potassium zinc chromate): Not applicable
5. Melting point: Loses water slowly above 100 C

(212 F)
6. Vapor pressure at 20 C (68 F): Essentially zero
7. Solubility in water, g/100 g water at 20 C (68 F):

Insoluble
8. Evaporation rate (butyl acetate « 1): Not applica-

ble
• Reactirity

1. Conditions contributing to instability: None
2. Incompatibilities: Chromium metal in contact with

strong oxidizers may cause fires and explosions.
3. Hazardous decomposition products: None listed.
4. Special precautions: None listed.

• Fiammability
1. Flash point: Not applicable
2. Minimum ignition temperature (metal): 400 C (752

F) (layer); 580 C (1076 F) (cloud)
3. Minimum explosive dust concentration (metal):

230 grams/m*
4. Extinguishant: Dry sand, dry dolomite, dry graph-

ite
• Waning properties
Chromium metal and insoluble salts are not known to be
eye irritants.
MONITORING AND MEASUREMENT
PROCEDURES
• Eight-Hoar Exposure Evaluation
Measurements to determine employee exposure are best
taken so that the average eight-hour exposure is based
on a single eight-hour sample or on two four-hour
samples. Several short-time interval samples (up to 30
minutes) may also be used to determine the average
exposure level. Air samples should be taken in the
employee's breathing zone (air that would most nearly
represent that inhaled by the employee).
• Cefliag EraluatioB
Measurements to determine employee ceiling exposure
are best taken during periods of maximum expected

2 Chromium Metal and 'rmolubi* Chromium Salta (aa Chromium) nrt
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airborne concentrations of chromium meul or insoluble
chromium salts. Each measurement should consist of a
fifteen (15) minute sample or series of consecutive
samples totalling fifteen (IS) minutes in the employee's
breathing zone (air that would most nearly represent
that inhaled by the employee). A minimum of three (3)
measurements should be taken on one work shift and
the highest of all measurements taken is an estimate of
the employee's exposure.
• Method
Sampling and analyses may be performed by collection
of chromium metal or insoluble chromium salts on a
filter, followed by treatment with acid and atomic
absorption spectrophotometric analysis. An analytical
method for chromium metal and insoluble chromium
salts is in the NIOSH Manual of Analytical Methods. 2nd
Ed., Vol. 6. 1980. available from the Government
Printing Office. Washington. D.C. 20402 (GPO No.
017-033-00369.6).

RESPIRATORS
• Good industrial hygiene practices recommend that
engineering controls be used to reduce environmental
concentrations to the permissible exposure level. How-
ever, there are some exceptions where respirators may
be osed to control exposure. Respirators may be used
when engineering and work practice controls are not
technically feasible, when such controls are in the
process of being installed, or when they fail and need to
be supplemented. Respirators may also be used for
operations which require entry into tanks or closed
vessels, and in emergency situations. If the use of
respirators is necessary-, the only respirators permitted
are those that have been approved by the Mine Safety
and Health Administration (formerly Mining Enforce-
ment and Safety Administration) or by the National
Institute for Occupational Safety and Health.
• In addition to respirator selection, a complete respira-
tory protection program should be instituted which
includes regular training, pwmaoatif^ inspection,
cleaning, and evaluation.
PERSONAL PROTECTIVE EQUIPMENT
• Employees should be provided with and required to
use impervious clothing, gloves, face shields (eight-inch
minimum), and other appropriate protective clothing
necessary to prevent repeated or prolonged skin contact

. with solids or liquids containing insoluble chromium
•alts.
• Clothing contaminated with insoluble chromium salts
should be placed in closed containers for storage until it
can be discarded or until provision is made for the
removal of insoluble chromium salts from the clothing.
If the clothing is to be laundered or otherwise cleaned
to remove the insoluble chromium salts, the person

performing the operation should be informed of insolu-
ble chromium salts's hazardous properties.
• Non-impervious clothing which becomes contami-
nated with insoluble chromium salts should be removed
promptly and not reworn until the insoluble chromium
salts are removed from the clothing.
• Employees should be provided with and required to
use dust- and splashproof safety goggles where solids or
liquids containing insoluble chromium salts may contact
the eyes.
SANITATION
• Skin that becomes contaminated with insoluble chro-
mium salts should be promptly washed or showered
with soap or mild detergent and water to remove any
insoluble chromium salts.
• Eating and smoking should not be permitted in areas
where solids or liquids containing insoluble chromium
salts are handled, processed, or stored.
• Employees who handle solids or liquids containing
insoluble chromium salts should wash their hands thor-
oughly with soap or mild detergent and water before
eating, smoking, or using toilet facilities.
COMMON OPERATIONS AND CONTROLS
Toe following list includes some common operations in
which exposure to chromium metal or insoluble chro-
mium salts may occur and control methods which may
be effective in each case:

oo

OO

Operation
Usa in fabrication ofalloys

Use in preparation of
alloy steels to enhancecorrosion- and heat-
resistance
Use in fabrication ofplated products fordecoration or increased
wear-resistance

Use in production of
non-ferrous alloys to
impart special qualitiesto the alloys
Use in production and
processing of insoluble
salts

Controls
Local exhaustventilation; general
dilution ventilation;
personal protective
equipment
Local exhaust
ventilation; generaldilution ventilation .
Local exhaustventilation; generaldilution ventilation;
personal protectiveequipment
Local exhaustventilation; generaldilution ventilation

Local exhaust
ventilation; generaldilution ventilation;
personal protective
equipment

Chromium Metal and Inaolubl* Chromium Salts (as Chromium) 3
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Operation
Use as chemical
intermediates: use intextile industry in
dyeing, silk treating,
printing, and moth-
proofing wool
Use in leather industry
in tanning: use in
photograhic fixing baths

Use as catalysts forhalogenation, alleviation,
and catalytic cracking ofhydrocarbons
Use as fuel additives
and propeilant
additives: in
photogaphic fixing
baths and in ceramics

Controls
Local exhaust
ventilation; generaldilution ventilation:
personal protective
equipment

Local exhaustventilation: general
dilution ventilation;
personal protective
equipment
Local exhaustventilation; general
dilution ventilation

Local exhaustventilation; general
dilution ventilation;
persona! protective
equipment

EMERGENCY FIRST AID PROCEDURES
In the event of an emergency, institute first aid proce-
dures and send for first aid or medical assistance.
• Eye Exposure
If chromium meul or solids or liquids containing insolu-
ble chromium salts get into the eyes, wash eyes immedi-
ately with large amounts of water, lifting the lower and
upper bd$ occasionally. If irritation is present after
washing, get medical attention. Contact lenses should
not be worn when working with these chemicals.
• Skin Exposure
If solids or liquids containing insoluble chromium salts
get on the skin, wash the contaminated skin using soap
or mild detergent and water. If solids or liquids contain-
ing insoluble chromium salts penetrate through the
clothing, remove the clothing and wash the skin using
soap or mild detergent and water. If imuuon persists
after washing, get medical attention.
• Breathing
If a person breathes in large amounts of chromium
metal or insoluble chromium salts, move the exposed
person to fresh air at once. If breathing has stopped.
perform artificial respiration. Keep the affected person
warm and at rest. Get medical attention as soon as
possible.
• Swallowing
When solids or liquids containing insoluble chromium
salts have been swallowed, give the person large quanti-
ties of water immediately. After the water has been
swallowed, try to get the person to vomit by having him
touch the back of his throat with his finger Do not
make an unconscious person vomit. Get medical atten-
tion immediately.

• Rescue
Move the affected person from the hazardous exposure
If the exposed person has been overcome, notify some-
one else and put into effect the established emergency
rescue procedures. Do not become a casualty. Under-
stand the facility's emergency rescue procedures and
know the locations of rescue equipment before the need
arises.
SPILL, LEAK, AND DISPOSAL
PROCEDURES
• Persons not wearing protective equipment and cloth-
ing should be restricted from areas of spills until cleanup
has been completed.
• If chromium metal or insoluble chromium salts are
spilled, the foDowicg steps should be taken:
1. Remove all ignition sources where metallic chromi-
um has been spilled.
2. Ventilate area of spill.
3. Collect spilled material in the most convenient and
safe manner and deposit in sealed containers for recla-
mation or for disposal in a secured sanitary landfill
Liquid con taming chromium metal or insoluble chromi-
um salts should be absorbed in vermiculite, dry sand,
earth, or a similar material.
• Waste disposal method:
Chromium metal or insoluble chromium salts may be
disposed of in sealed containers in a secured sanitary
landfill.
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• SPECIAL NOTE
The International Agency for Research on Cancer
(IARC) has evaluated the data on these chemicals and
has concluded that they cause cancer. See 1ARC Mono-
graphs on the Evaluation of Carcinogenic Risk of Chemi-
cals to Man, Volume 2. 1973, and Volume 23. 1980.
• Method
Sampling and analyses may be performed by collection
of chromium metal or insoluble chromium salts on a
filter, followed by treatment with acid and atomic
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RESPIRATORY PROTECTION FOR CHROMIUM METAL AND INSOLUBLE CHROMIUM SALTS (AS
CHROMIUM)

Condition Minimum Respiratory Protection'
Required Above 1 mg/m1 oo

Ptrticulate Concentration
5 mg/m1 or less Any dust and mist respirator.

10 mg/m'orless Any dust and mist respirator, except single-use or quarter-mask respirator.
Any fume respirator or high efficiency paniculate respirator.
Any supplied-air respirator.
Any self-contained breathing apparatus.

50 mg/m' or less A high efficiency paniculate filter respirator with a full facepiece.
Any sjppi'ei-a'' respirator with a full facepiece. helmet, or hood.
Any self-contained breathing apparatus with a full facepiece.

500 mg/m» or less A powered air-purifying respirator with a high efficiency paniculate filter.
A Type C supplied-air respirator operated in pressure-demand or other positive
pressure or continuous-flow mode.

Greater than 500 mg/m' or
entry and escape from
unknown concentrations

Self-contained breathing apparatus with a full facepiece operated in pressure-
demand or other positive pressure mode.

A combination respirator which includes a Type C suppiied-air respirator with a
full tarepiece operated in pressure-demand or other positrve pressure or continu-
ous-flow mode and an auxiliary self-contained breathing apparatus operated in
pressure-demand or other positive pressure mode.

Fire Fighting Self-contained breathing apparatus with a fuU facepiece operated in pressure-
demand or other positive pressure mode.

"Only NlOSH-approved or MSHA-approved equipment should be used.
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LEAD
CA5. 7439-92-1
Pb
Inorganic Compounds. DuJi and fume
TIV-TWA, 0.15 me/m', as Pb*
iead. atomic number fl7. is metallic clement in Croup IVtofthe

periodic table, ft u hetvy, ductile, and bluun**nite in color. At pnyv
iochemical properties include.

Atomic weight: 207.2
Specific gravity. 11.35 at 20'C
Melting point: 32~.S'C
Boiling point. J740'C
Vapor pressure, ugnidcan: above 500'C 0.7' ton ti lOOO'Q

Only t few lead compounds are appreciably toluble in water, but
many an? dtiso/ved by acidi tnd most are sufficierary toluble in body
fluids to be toxic, especially wrien inhaled in fine/y divided torn.
Metallic lead finds wide industrial use where its properties of hif-

densitv. softness, tow melting point, resistance to corrosion and/or
opacity to tamma and X-rays are needed, h it a major component
of many alloys such as solder, type metal, and many bronzes. Leadrompounds have a wide variety of uses, especially as paint pigments,
i storage batteries and ceramics.
Despite the tremendous importance of lead as an occupational

hazard, only a handful of papers in the voluminous literature on lead
poisoning present meaningful data relating to the threshold limit
value. The chief reason (or this situation is probably the tan that most
aumonties rely primarily, if not eiclusiveiy. on other tests for esti-
mation of the degree of lead hazard. Urinary and blood leads, uri-
nary coproporphvnn and delta ammolevulinic acid, as well as blood
examination for stippled cells and otrier abnormalities, are among
the preferred procedures.

A limit of 0.5 mg/m' for lead in air was proposed by Legge lfl

19 12 . with the comment mat. if adhered to. cases of encephalopathy
and paralysis would never, and cases of colic would very rarely,
occur.'" The data of Duckering's experiments on the quantities of
lead in the air from various industrial processes are given as evi-
dence."' This value (0.5 mg.'m'i was quotes by Alice Hamilton in
1925. with a similar comment."'
In 1933 Russell ei a'.' following a U.S. Public Health Service sur-

vey of a lead storage banery plant, proposed a limn of 0.15 mg/ (or
lead dust and dime m this industry. Eight years later Drcessen et a'*-
published results of a follow-up study and considered that their find-
ings confirmed this value. In 1943 Kehoe and other members of the
Committee on Lead Poisoning of the American Public Health As-
sociation recommended 0.15 mg/m', as a time-weighted average.
limit.*

A number of investigators found the 0.15 mg/m1 value difficult to
in many industries, and observation of workers, combined

Ovitfn B « drift*"' 1MJ tH» Sill -•> PUCM Of "W *«••«• 0<
« TWA Miur

with lead urinalysis and similar studies convinced them that th« limit
was unnecessarily stringent Winn and Shroyef'• concluded that
maintenance of the average concentration of lead dust and fume at
or below 0.5 rrrf/m1, combined with a medical program, would a>
sure adequate control. Weber* considered the 0.15 mg/m> too low,
but stipulated that 0.3 mym' should not be eiceeded Us time-
weighted average). He found that an atmospheric concentration of
0.43 msj/m1 corresponded to 0.20 mgA of uhne, a level considered
by tome investigators to represent te upper limit of safety. Elkins*
assembled the data available on lead in air and lead in uhne and
concluded that a urinary lead concentration of 0.20 mgA would.
on the average, correspond to an aif-lead value of 0.20 rrrg/m1.

On (he basis of these reports and unpublished data from several
sources. «he TLV for lead was increased from 0.15 to 0-20 mg/m'
in 1957. Some authorities continued to use the previous limit,
however."* Schrenk"" implied 0ut the 0.15 mg/m1 value was to be
preferred. The preponderance of American opinion, however, mrntii
to be that the 0.2 mtym1 limit was adequate to prevent episodes of
lead intoxication. Thus Kehoe,"* in a discussion of threshold limits
for lead, sated thai:

"f vioence of the va/»dVry or* tne tundard (0.2 mg'm1) has been
proviatod e/jewnere and need not be enlarged upon here."

He went on to warn mat this value is adequate only if ingest ion of
lead is prevented, tohnstonc and Milter"' referred to the 0.2 mtym*
limit as generally accepted.

More recent comparisons of atmospheric and urinary lead con-
centrations have indicated conflicting results. Berg and 2efu."~ in
a foundry study, found that air-lead concentrations between 0.14 and
0 18 tng'm' resulted in unnary lead values belov. 0 . 15 mi/l: 0.28
mfirn1 was associated with 0. 17 mgA. of urine.
Tsuchiya and Harashrma"1' concluded tha: for a 48- to 60-hour

work week, an average airhead concentration of 0. 10 mg/m' would
bhng about an average urinary lead level of 0. 15 mgA.: and 0. 12
mg/m' to 0.20 mgA. Concentrations of 0. 12 to 0.14 me/m' resulted
in increased urinary coproporphyrin, some stippling of blood cells
and anemia.

MOST enensrve lead exposure studies have involved lead oxide
dust or the fume of metallic lead. Some reports have indicated that
the dusts of certain insoluble lead compounds, such as the sulfide "
and chromaie, were less hazardous than more soluble forms of lead
Thus. Harrold and associates"* studied a group of painters ex-
posed to mtsu of lead chromate in concentrations averaging between
1.2 and 12 mg of lead per cubic meter of air. and found Imle evi-
dence of lead absorption or intoxication. They also suggested that
lead trtanaie would present relatively little hazard, due to its very
low solubility.

On the other hand. Hartogenesis and Zielhuis"* found blood
changes in workers exposed to lead chromate dust at levels above
0.2 mg/m1 Us lead) and doubtful changes between 01 and 0.2
mg/Tr,1. They consider that the TW for lead chromate should be the
same as that for other inorganic lead compounds

Curiously, there is evidence tha: lead fume is less harmful than
equal amounts of the dust of relatively soluble lead compounds.1*
This is presumed to be due to a lesser retention of the extremely
fine panicles present m the fume
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The International Subcommittee to' Occupational Health of the
Permanent Commission and International Association of Occupa-
tional Health, it a meeting in Amsterdam in November 1966. reconv
menoed a limit of 0. 15 mg/m» for a 40-hour week. This conclusion
represented the concensus of 20 experts from 12 nations."'-"'
In an extremely thorough study of atmospheric lead exposures and

biochemical criteria. William* er tf"1 found among 39 banery wor-
kers in England high correlation coefficient! between air concentra-
tions and blood lead (' - 0.9): urinary (cad (r • 0.82): urinary

irphynn* Ir •> 0.82) and uhnary dALA (r - 0.68).
lations were found for punctate Utipoiedl basophilic count (r - 0.4S)
and percent hemoglobin (r - 0.091. Furthermore, they observed (hat
in every case the upper 95% confidence limit considerably exceeded
the safe limits, when the air limit is 0.2 mym1. but approximates
it when me air limit is 0.1 S mj/m1.
In view of these data using improved biochemical indicators of

lead exposure. dearty showing that the TLV o< 0.2 mg/m' Kad little
or no margin of safety for some worker*, the limn wu reduced back
10 0.15 mg/m' in 1971.
In its first criteria document on inorganic lead, published in 1972,

NIOSH recommended the 0. 15 mg/m1 TLV as a workplace nan-
dard.0*' bui emphasized that reliance should be placed primarily on
biological measurements, especially blood lead, for which the limn
of 0.08 mg/100 grams was endorsed. A revised document appeared
in 1978, however, in which a lower limn. 0.1 mg/m1. was pro-
posed.0*' The maximum permissible blood lead level was also
reduced, to 0.06 from 0.08 mg'100 grams.

Emphasis in the document is placed on findings of adverse effects
among workers with blood leads below 0.08 mg/100 grams, but
generally above 0.06 mg.
Although the updated document contains 185 additional references

!mos: published since 1971 ) . only five relate directly to armospnenc
lead concentrations, and these are all given as support for the amu-
ing statement that "it has been shown mar 1 yg kad'm' in air con-
tributes about 1-2 tig lead/100 grams of blood." Amazing, that is.
until examination of the references indicates that tour of them deal
with continuous exposures of the public, or volunteers, to lead in
air levels of the order of 0.01 m^m1 or less. Only one" reiatec to
occupational exposure; a mean lead in air concentration in one
department of a rubbe' hose and tire company m japan of 0.0579
mg/mj (based on 34 tests) was associates witn a mean blood lead
kevei, in 20 workers, of 5 1 .8 ^100 grain

In addition, testimony of the Depurv Director of N'lOSH at an
OSHA heanng refers to an unpublished battery plant stusy in which
avenge exposures of workers, using personal monitors, were below
0.1 mg/m' m all departments except pasting and gnd casting, where
exposures were generally below 0. 15 mgTn'.a?' Blood levels in over
90V of the workers were 60 Ml'100 grants or less.
The findings of these two reoons are hardly adeauate to iustify the

proposed reduction in the limit for lead in workroom air.
The papers on effects associated with blood lead levels below 80

Kg/100 grams are also few in number. Findings of changes in uri-
nary ALA and COproporphynn. erythrocyte protoporphynn and line
protoporphyrtn m Wood, hemoglobin decreases, and altered sper-
matogenevs are reported in coniunction with likely "excessive ab-
sorption." as evidenced by blood leads between 40 and 60*1/100
grams The proposed standard apparently would not recognize these
effect* as inconsistent wrm a satisfactory state of health Unacceptable
lead absorption, with blood kadi m excess of 6C pg-'IOC grams
(mostly, but not entirely, below 80 wgj are associated with CN'5 ef-
fect*, penpheral neuropathy, gastrointestinal disturbances and anemia.

according to one reference .<" Another paper" cited reported ev*
dence of renal damage in six of thirteen workers, one with a blood
lead of 98 vg/100 grams, one with 66 ng. and the remainder below
60 yft/100 grams of blood. An unpublished NIOSH report• found I
renal damage and anemia in similarly exposed (blood leads above
60 pg/100 grams, but presumably not over 80 w workers, but nodetails are given.

Perhaps the strongest case (or the reduced limit is presented in a
piper on nerve conduction velocities.'"1 in which decreases (mostly
minimal, but m one system significant) were found in workers with
maximal blood leads betwMn 50 »nd 70 ng/100 grams. The authors
felt that these findings were more senous than the alterations m heme
synthesis, demonstrated by biochemical measurements, since the
regenerative capacity of the nervous system is relatively slow.
The Comminee is not convinced that the biochemical changes

found due to low level lead absorption are incompatible with good
health. It has not adopted, or proposed, a biologic TIV for lead, nor
has it accepted me NIOSH hypothesis that an air TLV must be set
at a level at which most worker* (i*.. 90-95%) do not exceed a speci-
fied biologic TLV.

In view of the notation in the title of the consultant's review of
the recent literature in the revised NIOSH document1"1 that it is to
"support the update" of the criteria document, one wonders if the
Citations ant chosen and their contents summarized without bias.

For the present the time-weighted avenge TLV of 0.15 mg
lead/m1 in air h retained. However, the Comminee recommends,
at this time, the elimination of the STEL until additional »xicolog>cal
data and industrial hygiene experience become available to provide
a better base for Quantifying on a lexicological basis what the STEL
should be. The reaoe- is encouraged to review the section on txcur-
uon limru in the Introduction to the Chemical Substances of the cur-
rent TIV booklet for guidance and control of excursions above the
TLV-TWA. even when the 8-hour TWA is within the recommended
limits.

Other recommendations: The American National Standard Insti-
tute's Z-37 Committee established 0.2 mg/m1 as its acceptable con-
centration for lead in 1969. Smyih (1956) suggested that even me
0. 15 mg/m' value was not low enough to prevent mild intoxication.
More recent values are: USSR (1977) 0.01 mg/m': Hungary ( 1974i
0.02 mg'm'; Czechoslovakia (1976!. Poland (1976) and OSHA
(1978) 0.05 mg/m1; Romania (1975;. Sweden (1975tand West Ger-
many (1978) 0.1 mg-.-r.1; East Germany ( 1973) . Finland ( 1975; and
Yugoslavia (1971) 0.15 mg/m1.
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1010

Occupational Health Guideline for
Copper Dusts and Mists

OxOo

INTRODUCTION
Thai guideline • intended ai a tource of information for
•aaployeaa, employers, physicians, industrial hypemm,KCBparional health profeaaioaals who may

! for auch information. It doe* not attempt to
anaeat aQ data; rather, h preeena pertinent mfonuhoa
and data m iDmmary form.
SUBSTANCE IDENTIFICATION
• Formal** of example compounds: CuSO«-5HiO;
Cod• Example eompoondi: Copper snlfate dutt or mitt;
CBproQt calonde dust• Appearance and odor Odorlea* solid*
PERMISSIBLE EXPOSURE UMIT (PEL)
Tke carat OSKA standard for copper dura or mm* it
1 sxtBignm of copper data or mita per cubic meter of
tar (at/a*) averaf ed over ao eight-hour work shift.
HEALTH HAZARD INFORMATION
Copper dutu or mita can affect the body if they are
•haled or if they come in contact with the eyei or akin.
Tawy can also affect the body if they are (wallowed.
L Sf**-ttrm Exfanrc Powdered copper or dustt or
mam of copper aalu may cause a feeling of fllaeai
similar to tKf oommoB cold with ae&aatioBt of •'hni* and

of the bead. Small copper panicles may eater
the eye aad cause irritation. discoloration, aad damage.

KK: Repeated or prolonged expo-
t to copper dusa or mita may cause akm irriubcc or

WBtion of the skin or hair.
JL JUawtwf StruavtrfSjm^tflmr Aphyticiansbouldbe

if anyone develop* any aigBi or tymptomt
aad auapecu that they are cauaed by exporare to copper

The following medical proceduret should be made
available to each employee who it ezpoaed to copperdata and miaa at potentially htzardout levels:/. tmUfl Mtditml SenmiMg: Eapioyn ahould be
acraened for hiatory of certain medical cooditioiuOiited below) which might place the employee at
mrrtaafri riak from copper data aad mitti ezpoaare.—Chronic reapiraiory diaeaae: Copper dam or misu
ewiae rcapiratory irriubon in aaimala. In penoat with
impaired pulmonary function, eapedally tboae withobRroctive airway dtaeaaca, the breathing of copper
dusa or mita might cauae exaccrbatioa of •ymptomtdae to their irritant propertiea.
—Liver Annie- Copper data or mita caste liver

damage in animik Penou with pre-exiating fiver
may be more toaceptible to the effeca of theaeagena.

—Kidney dtarate; Copper data or miaa canee kidney
damaf e in aaimala. The importance of tbit organ in the
elimination of totir tubttancet jnrrifim «r«̂ "*̂  cooaider*
atkm in tbcee with impaired renal function.«~Skin diaeatc'. Skin aenaitization in human rn^jf*^!
hat occurred. Penoat with pre-eotting ikin dJaorden
may be more autcepoble to the effeca of theae agena.
— Hcmatopoietic ditorden: Anemia hat occurred m

animal* given copper tala orally. Penoat with pre-eiiiting blood ditorden may be more uaceptible to the
effeca of theae agena.
—Wilton 't ditease: Penou with pre-existing WQ.

aon't dianic may be more tutcepoble to the effeca of
theae agena.
2. fthaiie iitduml Enmimttiim- Any employee devel-
oping the above 'lit ted ""*^*t"*tf should be 1 1 -ft f Tffj forfanner medical examination.
Inhalation of dun* and mita of copper and copper tala
reeula m trrhatioa of the apper revpiratory tract, with
cceatioaaJ aleera&bn and perforation of the natal
septum. Inhalation of copper aad ia compounds byinjury to the hup aad liver with

Th*M recommendations reflect good industnal hygiene and medical aurveiUanca practices and their implementation willtt m acnwvmg an etlectwa occupational heaim program. However. tn«y may not &• autlioeni to achieve compliancewith ad reouremena 0< OSHA raguiations.

ocPAimiEirr OF HEALTH ANO MUVAN UMVICES
^ubK HMrm S««v«c« C*ni*a lor DIMIM Centre'
Nakanai MMUM tor OeeuMoenai Saiciy and

U4. DE*AfrrUEKT OF LABOR
OccuMuon*! Sa*«iy ane HMRH
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hemochromatosis. Access of iheep to salt licks contain-
bg 5 to 9% copper sulfate caused the sudden onset of
henolytic anemia, icterus, and hemoglobinuria fol-
lowed by death in a day or two; at necropsy, the liver,
kidneys, and spleen showed severe degenerative
changes. Workers exposed to copper dust in concentra-
tions of 0.075 to 0.120 ng/B1 complained of mild nasal
discomfort. Exposure to the dust of copper acetate
produced sneezing, coughing, digestive disorders, aad
fever. Metal workers exposed to complex copper salts
m dust form complained of metallic taste with irritation
of nasal and oral mucosa; atrophic changes in the
mucous membranes were noted in subjects exposed for
long periods of time. On ingestion, copper salts act as
irritants and cuiff navt**i vomiting, abdominal pain,
bemorrhagic gastritis, and diarrhea. Copper salts
splashed in the eye cause conjunctivitis, cornea! ulcer-
auon, aad turbidity, and may produce palpebrai edema.
Copper panicles embedded in the eye result in pro-
nounced foreign-body reaction with characteristic dis-
coloration of ocular tissue. Allergic contact dermatitis
due to copper exposure, although rare, has been report-
ed. Greenish discoloration of the skin and hair of some
copper workers has been observed. Although copper is
an essential element for health, excessive amounts can
produce harmful effects.
CHEMICAL AND PHYSICAL PROPERTIES
• Physical data

1. Molecular weight: CuSO.: 249.7; CuC, 99
2. Boiling point (760 mm Hg): Not applicable
3. Specific gravity (water « 1); Greater *h«" 1
4. Vapor density (air « 1 at boiling point of copper

dusts or mists): Not applicable
5. Melting point: Higher thar 100 C (212 F). For

example, copper sulfate « ISO C (302 F); cuprous
chloride » 430 C (806 F)

6. Vapor pressure at 20 C (61 F): Not applicable
7. Solubility in water, g/100 g water at 20 C (6& F):

Ranges from very low (e.g cuprous chloride - 0.006)
to high (e.g. copper sulfate » 35)
I. Evaporation rate (butyl acetate • 1): Not applica-

ble
• RearfTtty

1. Conditions contributing to instability: Extreme
heat

2. Incompatibilities: Copper dusts or mists may react
with acetylene gas to form copper acetylides. which are
solids that are sensitive to shock. Some copper mists
may react with magnesium metal to form flammable
hydrogen gas.

3. Hazardous decomposition products: None
4. Special precautions: None

• FlammabUity
1. Ignition temperature: Copper dusts « 700 C (1292

F)

• Waning propertta
According to Grant, copper acetoarsenite, copper chlo-
ride. copper sulfate, copper carbonate and oxide, and
copper metal all produce local irritant effects when in
contact with the eye. The Docvmtntanon of TLVs also
notes that copper salts on the eye may cause "conjuncti-
vitis or even ulceranon aad turbidity of the cornea."
Concentrations producing these effects are not given.
MONITORING AND MEASUREMENTPROCEDURES

10

oo

Measurements to determine employee exposure are best
taken so that the average eight-hour exposure is based
on a single eight-hour sample or OB two four-hour
samples. Several short-time interval samples (up to 30
minutes) may also be used to determine the average
exposure level. Air samples should be taken in the
employee's breathing zone (air that would most nearly
represent that inhaled by the employee).
• Method
Sampling and analyses may be performed by collection
of copper dusts or mists on a cellulose ester membrane
filter, followed by treatment with nitric acid, solution in
hydrochloric acid, aad atomic absorption ipectropboto-
metric analysis. An analytical method for copper dusts
or mists is bi the NIOSH Manual of Analytical Methods.
2nd Ed., Vol. 2, 1977, available from the Government
Printing Office. Washington, D.C. 20402 (GPO No.
01743340260-*).

RESPIRATORS
• Good industrial hygiene practices recommend that
engineering controls be used to reduce environmental
concentrations to the permissible exposure level. How-
ever, there are some exceptions where respirators may
be used to control exposure. Respirators may be used
when engineering and work practice controls are not
technically feasible, when such controls are in the
process of being installed, or when they fail and need to
be supplemented. Respirator* may also be used for
operations which require entry into tanks or dosed
vessels, aad m emergency situations. If the use of
respirators is necessary, the only respirators permitted
are those that have been approved by the Mine Safety
and Health Administration (formerly Mining Enforce-
ment aad Safety Administration) or by the National
Institute for Occupational Safety and Health.
• In addition to respirator selection, a complete respira-
tory protection program should be instituted which
includi1* reaTular (raining maiatenaace* i&spection,
cleaning, and evaluation.
PERSONAL PROTECTIVE EQUIPMENT
• Employees should be provided with and required to
use impervious clothing, gloves, face shields, (eight-inch

2 Copper Dusta and Mists
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minimum), and other appropriate protective clothing
necessary to prevent repeated or prolonged skin contact
with copper salts or liquids containing copper ults.
• If employees'clothing may h«ve become contaminat-
ed with powdered copper, copper salts, or liquids
containing copper salts, employees should change into
uncontaminated clothing before leaving the work prem-
• Clothing contaminated with copper salts should be
placed in closed containers for storage until it can be
discarded or until provision is made for the removal of
copper salts from the clothing. If the clothing is to be
laundered or otherwise cleaned to remove the copper
salts, the person performing the operation should be
informed of copper salts's hazardous properties.
• Non-impervious clothing which becomes contami-
nated with copper salts should be removed promptly
and not reworn until the copper salts are removed from
thf clothing.
• Employees should be provided with and required to
use dust- and splash-proof safety goggles where pow-
dered copper or dusts, mists, or liquids containing
copper salts may contact the eyes.
SANITATION
• Skin that becomes contaminated with copper ults
should be promptly wished or showered with soap or
mild detergent and water to remove any copper salts.
• Eating and smoking should not be permitted in areas
where powdered copper, copper salts, or liquids eon-
taming copper salts are handled, processed, or stored.
• Employees who handle powdered copper, copper
•alts, or liquids containing copper salts should wash
their hands thoroughly with soap or mild detergent and
water before eating, smoking, or using toilet facilities.
COMMON OPERATIONS AND CONTROLS
The following list includes some common operations in
which exposure to copper dusts or mists may occur and
control methods which may be effective in each case:

Operation
liberation during
mining, extracting, and
refining copper ore;
during fabncation andmanufacture of copper
rod. wire, piping, and
tubing for use inelectrical, plumbing, andbuilding industries-,
during manufacture of
domestic utensils:
during manufacture of
alloys

Controls
Local exhaustventilation; general
dilution ventilation;
personal protective
equipment

Control*
Local exhaustventilation; generaldilution ventilation;
personal protectiveequipment

Operation
Liberation from
production andapplication offungicides, insecticides,
and germicides for soil,feed, grain, textile,water and sewage
treatments; during useof copper salts for paint
pigments and coloringagents, electroplating
baths, woodpreservation,
automotive emissioncontrols, textiletreatment, and organiceynthesis
EMERGENCY FIRST AID PROCEDURES
In the event of an emergency, jn-tirote first aid proce-
dures and send for first aid or mfliril assistance.
• Eye Exposure
If copper dusts or mists get into the eyes, wash eyes
immediately with large amounts of water, lifting the
lower and upper IHt occasionally. Get rryl'fi) atten-
tion immediately. Contact lews should not be won
when working with these chemicals.
• SklaExponrt
If copper salts or liquids containing copper salts get on
the 'frri^. promptly wash the contaminated skin using
soap or mild detergent and water. If copper salts or
liquids containing copper salts penetrate through the
clothing, remove the clothing promptly aad wash the
akin using soap or mild detergent and water. If irritation
persists after washing, get medical attention.
• Breathing
If a person breathes in large amounts of copper dusts or
misu. move the exposed person to fresh air at once. If
breathing has stopped, perform artificial respiration.
Keep the affected person warm and at rest. Get medical
attention as soon as possible.• Swallowing
When powdered copper, copper salts, or liquids con-
taining copper salts have been swallowed and the
person is conscious, give the person large quantities of
water immediately. After the water has been swal-
lowed, try to get the person to vomit by having him
touch the back of his throat with his finger. Do not
make an unconscious person vomit. Get medical atten-
tion immediately.
• Rescue
Move the affected person from the hazardous exposure.
If the exposed person has been overcome, notify some-
one else and put into effect the established emergency
rescue procedures. Do not become a casualty. Under-
stand the facility's emergency rescue procedures aad

oo

HTS Copper Duett end Mleta S

009657



know the locations of rescue equipment before the need

SPILL AND DISPOSAL PROCEDURES
• Penou not wearing protective equipment and cloth-
ing should be rathcted (TOO areat of rtleaae unoJ
cleanup has been completed.
• If copper duiu or misti an spilled or released, the
foDowing step* should be taken:
1. Ventilate area of rekase.
2. CoQect spilled material in the mo«t convenient and
safe manner for reclamation, or for disposal in a secured
sanitary landfill. Liquid containing copper should be
absorbed in vemiculite, dry sand, earth, or s similar
material.
• Waste ̂«rp<"> method:
Copper dusts or rnisu and copper compounds may be
«tiipf»»ri ef ui sealed container) in a secured sanitarylandfill
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RESPIRATORY PROTECTION FOR COPPER OUSTS AND MISTS
- —————————— ' Os

Required Abore 1 mg/m*
Particuiata Concentration
50 mg/m» or lee* A high efficiency particulata fittar raaoirator wfth a MI faoaptoo*.

Any auppHa4*ir raaplrmtor with a MI laoapiaoa, ha<mat. or hood.
Any Mlf-containcd br*aWng appanitua wRh a i

2000 mg/m« or tan A Typt C auppfwd-«lr raaoirator with a fun (aoapiaoa oparataddemand or otnat poaittva praaaura nioda or wHti a fun feaoapiaoat hainwc or hoodoparatad In oonflnuoua-Jlow moda.
Qraatar than 2000 mg/rrf or Seff-containad braatNnq apparatua vim a ful laoapiaoa oparatad m praaaura-anffy and aaeapa from demand or other poaWve praaaura mode.unknown concentration*

A combination raepfrator whiert Indudea a Type C aupnfted-alr reepirator with afufl (acepieoe operated in praaeura demand or other poeltfve praaaura or continu-ous-tow mode and an auxiliary aeH-contained breathing apparatua operated Inpreaaure-demand or other poalOve preaaure mode.
Rr» Rgrmng SeN-contaJned breathing apparatua with a M faceoteo* operateddemand or other poattive preaaura moda.
•Only NIOSH-approved or MSHA-«pproved equipmem ahould be uaed.
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Occupational Health Guideline for
Zinc Oxide Fume

oo

INTRODUCTION
This guideline is intended is a source of information for
employees, employers, physicians, industrial hygienists,
and other occupational health professionals who may
have a need for such information. It does not attempt to
present all data; rather, it presents pertinent information
and data in summary form.
SUBSTANCE IDENTIFICATION
• Formula: ZnO
• Synonyms: None
• Appearance: White fume.
PERMISSIBLE EXPOSURE LIMIT (PEL)
The current OSHA standard for zinc oxide fume is S
millignms of zinc oxide fume per cubic meter of air
(mg/tn') averaged over an eight-hour work shift.
NIOSH has recommended that the permissible expo-
sure limit be changed to S mg/m* averaged over a work
shift of up to 10 noun per day, 40 hours per week, with
a ceiling level of IS mg/m* averaged over a 15-minute
pehod. The NIOSH Criteria Document for Zinc Oxide
should be consulted for more detailed information.
HEALTH HAZARD INFORMATION
• Routes of exposure
Zinc oxide fume can affect the body if it is inhaled.
• Effects of O'erexposure
1. Shon~urm Expoturt: Zinc oxide fume causes a flu-
like illness called metal fume fever. Symptoms of metal
fume fever include headache, fever, chills, muscle
aches, nausea, vomiting, weakness, and tiredness. The
symptoms usually sun several hours after exposure.
The attack may last 6 to 24 hours. Metal fume fever is
more likely to occur after a period away from the job
(after weekends or vacations). High levels of exposure
to zinc oxide fume may cause a metallic or sweet taste in

the mouth, dryness and irritation of the throat, and
coughing st the time of exposure.
2. Lont~urm Exposure None known.
J. Rtponini Signs and Symptoms: A physician should be
contacted if anyone develops any signs or symptoms
and suspects that they are caused by expoaure to zinc
oxide fume.
• Recommended medical pgrtfllanct
The following medical imcedura should be made
available to each employee who is exposed to T*I"* oxide
fume at potentially hazardous levels:
1. Initial Mtdical Examination;
—A complete history and physical examination: The

purpose is to detect pre-<!xisting conditions that might
place the exposed employee at increased risk, and to
establish a baseline for future health monitoring. Exami-
nation of the respiratory system should be stressed.

—14" x IT' chest roentfenogram: Zinc oxide fume
may cause respiratory impairment. Persons with pul-
monary disease may be more susceptible to the effect os
zinc oxide fume. Surveillance of the limp • indicated.

—FVC and FEV (1 tec): Persons with pre-existing
pulmonary disease may be more susceptible to the
effects of zinc oxide fume. Periodic surveillance is
indicated. ̂
i Ptriodic Mtdical Examination: The aforementioned
medical examinations should be repeated on an annual
basis, except that an x-niy a considered necessary only
when indicated by the results of pulmonary function
testing. Determination of zinc in the urine may be
helpful in evaluating the extent of absorption.
• Summary of toxicology
Inhalation of zinc oxide fume causes an influenza-like
illness termed metal fume fever. Heavy human exposure
to zinc oxide fume may rt'ff^ an immediate dryness and
irritation of the throat, a sweet or metallic taste fol-
lowed by substenal tightness and constriction in the
chest, and a dry cough. Several hours following expo-
sure the subject develops fever, lassitude, y"iy«T». fa-
tigue, frontal headache, low back pain, muscle cramps,
and occasionally blurred vision, nausea, and vomiting.

These recommendations reflect good industrial hygiene and medical surveillanc* practices and their imptemantabon willin achieving an effective occupational nealtn program. However, they may not on sufficient to achttv* compliance-with all requirements of OSHA regulations.

U.S. DEPARTMENT OP HEALTH AND HUMAN SERVICES
Public Hwitn S«vic« C«nt«n tc* OIMU* Control
Nauonai Institute lor Occupational Safety and Heatm

U.S. DEPARTMENT OF LA»OA
Occupational SHety ana Meann Mmwvi
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Physical examination reveals fever, eventually followed
by perspiration and chills, dyspnea, rales throughout the
chest, and tachycardia; in some instances there has been
a reversible reduction in pulmonary vital capacity;
there is usually leukocytosis, which may amount to
12.000 to 16.000/MM3. An attack usually subsides after
6 to 12 hours but may last for up to 24 hours; recovery is
usually complete. Most workers rapidly develop an
immunity to these attacks, but it is as quickly lost;
attacks tend to be more severe on the first day of the
work-week. Only freshly formed fume causes the ill-
ness, presumably because flocculation occurs in the air;
the larger panicles that form are deposited in the upper
respiratory tract and do not penetrate deeply into the
lungs. Cnflls have been reported in workers from expo-
lure to concentrations of zinc oxide fume below S mg/
m'.
CHEMICAL AND PHYSICAL PROPERTIES
• Physical data

1. Molecular weight: 81 .37
2. Boiling point (760 mm Hg). Solid sublimes
3. Specific gravity (water - 1): 5.6 (solid)
4. Vapor density (air » 1 at boiling point of zinc

oxide fume): Not applicable
5. Melting point: Greater than 1800 C (greater than

3272 F)
6. Vapor pressure at 20 C (68 F): Not applicable
7. Solubility in water, g/100 g water at 20 C (68 F):

Insoluble (solid)
8. Evaporation rate (butyl acetate - 1): Not applica-

ble
• ReactiTity

1. Conditions contributing to instability: None
2. Incompatibilities: Zinc oxide fume may react vio-

lently with chlorinated rubber.
3.Hazardous decomposition products: None
4. Special precautions: None

• Fiammabiliry
1. Not combustible

• Warning properties
Zinc oxide fume is not known to be an eye irritant.
MONITORING AND MEASUREMENT
PROCEDURES
• Eight-Hoar Exposure Eraluation
Measurements to determine employee exposure are best
taken so that the average eight-hour exposure is based
on a single eight-hour sample or on two four-hour
samples. Several short-time interval samples (up to 30
minutes) may also be used to determine the average
exposure level. Air samples should be taken in the
employee's breathing zone (air that would most nearly
represent that inhaled by the employee).
• Ceiling Eraluation
Measurements to determine employee ceiling exposure
are best taken during periods of maximum expected

airborne concentrations of zinc oxide fume. Each mea-
surement should consist of a fifteen (IS) minute sample
or series of consecutive samples totalling fifteen (15)
minutes in the employee's breathing zone (air that
would most nearly represent that inhaled by the em-
ployee). A minimum of three (3) measurements should
be taken on one work shift and the highest of all
measurements taken is an estimate of the employee's
exposure.
• Method
Sampling and analyses may be performed by collection
of zinc oxide on a cellulose membrane filter, followed
by solublizing the zinc with nitric acid and analyzing by
atomic absorption spectrophotometry. An analytical
method for zinc oxide fume is in the NIOSH Manual of
Analytical Methods. 2nd Ed., Vol. 4, 1978. available
from the Government Printing Office. Washington,
D.C. 20402 (GPO No. 017-033-00317-3).

RESPIRATORS
• Good industrial hygiene {practices recommend that
engineering controls be used to reduce environmental
concentrations to the permissible exposure level. How-
ever, there are some exceptions where respirators may
be used to control exposure. Respirators may be used
when engineering and work practice controls are not
technically feasible, when such controls are in the
process of being installed, or when they fafl and need to
be supplemented. Respirators may also be used for
operations which require entry into tanks or closed
vessels, and in 'emergency situations. .If the use of
respirators is necessary, the only respirators permitted
are those that have been approved by the Mine Safety
and Health Administration (formerly Mining Enforce-
ment and Safety Administration) or by the National
Institute for Occupational Safety and Health.
• In addition to respirator selection, a complete respira-
tory protection program should be instituted which
includes regular training, maintenance, inspection,
cleaning, and evaluation.
COMMON OPERATIONS AND CONTROLS
The following list includes some common operations in
which exposure to zinc oxide fume may occur and
control methods which may be effective in each case:

2 Zinc OxWt Fume
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Operation
Liberation during
brazing, welding,
burning, and cutting of
zinc and galvanized
metals
Liberation from
founding of brass,copper, and zinc, andgalvanizing of iron and
steel
Liberation from abrasive
cleaning of galvanized
metal surface

Liberating during use as
a ceramic flux

Liberation during
recovery of impure lead
blast furnace slag; frommanufacture of glass to
increase brilliance andluster of glass
Liberation from use as
an intermediate inmanufacture of other
zinc compounds; inmanufacture of
electronic devices
Liberation from use as a
filler material in crushed
stone industry

Controls
General dilution
ventilation; process
enclosure; local exhaustventilation; personal
protective equipment
General dilution
ventilation; process
enclosure; local exhaustventilation; personal
protective equipment
General dilution
ventilation; processenclosure; local exhaust
ventilation; personal
protective equipment
General dilution
ventilation; process
enclosure; local exhaust
ventilation; personal
protective equipment
General dilution
ventilation; process
enclosure: local exhaustventilation; personal
protective equipment

General dilution
ventilation; process
enclosure; local exhaust
ventilation; personal
protective equipment
General dilution
ventilation; personal
protective equipment

EMERGENCY FIRST AID PROCEDURES
In the event of in emergency, institute Tint aid proce-
dures and send for first aid or medical assistance.
• Breathing
If a peraon breathes in large amounts of zinc oxide fume,
move the exposed person to fresh air at once. If
breathing has stopped, perform artificial respiration.
Keep the affected person warm and at rest. Get medical
attention as soon as possible.
• Reseat
Move the affected person from the hazardous exposure.
If the exposed person has been overcome, notify some-
one else and put into effect the established emergency
rescue procedures. Do not become a casualty. Under*
stand the facility's emergency rescue procedures and
know the locations of rescue equipment before the need
arises.

LEAK PROCEDURES
• Persons not wearing protective equipment and cloth-
ing should be restricted from areas of releases until
cleanup has been completed.
• If potentially hazardous amounts of zinc oxide fume
are inadvertently released, ventilate the area of the
release to disperse the fume.
REFERENCES
• American Conference of Governmental Industrial
Hygienists: "Zinc Oxide Fume," Documentation of the
Threshold Limit Values for Substances in Workroom Air
(3rd ed., 2nd printing), Cincinnati, 1974.
• American Industrial Hygiene Association: "Zinc
Oxide," Hygienic Guide Series, Detroit, Michigan. 1969.
• Browning, £.: Toxicity of Industrial Metals (2nd ed.),
Butterworths, London, 11969.
• Fishburn, C. W., and 'Zero, C: "Metal Fume Fever,"
Journal of Occupational Medicine, 1 1 : 142-144, 1969.
• Hamdi. E. A.: "Chronic Exposure to Zinc of Furnace
Operators in a Brass Foundry," British Journal of Indus-
trial Medicine, 26:126-13-1 . 1969.
• McCord, C P.: "Metiil Fume Fever As an Immuno-
logical Disease," Industrial Medicine and Surgery,
29:101-107, I960.
• National Institute for Occupational Safety and
Health. U.S. Department of Health, Education, and
Welfare: Criteria for a Recommended Standard . . . .
Occupational Exposure to Zinc Oxide, HEW Publication
No. (NIOSH) 76-104, GPO No. OI7-033-00109. U.S.
Government Printing Office, Washington. D.C, I97S.
• Patty, F. A. (ed.): Toxicology. Vol. II of Industrial
Hygiene and Toxicology (2nd ed. rev.), Intencience.
New York, 1963.
• Rohrs. L. C: "Metal-Fume Fever from Inhaling Zinc
Oxide," A.M.A. Archive* of Industrial Health, 16:42-47,
1957.
• Turner, J. A.: "An Occupational Dermatoconiosis
Among Zinc Oxide Worker*." Public Health Reports,
36:2727-2732,1921.
• Vallee, B. L.: "Zinc uid Its Biological Significance."
A.M.A. Archives of Industrial Health, 16:147-154, 1957.
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RESPIRATORY PROTECTION FOR ZINC OXIDE FUME m

Condition Minimum Respiratory Protection*
Required Above 5 mg/m1 Oo

Paniculate Concentration
50 mg/m' or less Any fume respirator or high efficiency paniculate filter respirator.

Any supplied-air respirator.
Any self-contained breathing apparatus.

250 mg/m* or less A high efficiency paniculate fitter respirator with a full facepiece.
Any supplied-air respirator with a full facepiece. hetmei, or hood.
Any self-contained breathing apparatus with a full facepiece.

2.500 mg/m' or less A powered air-purifying respirator with a high efficiency paniculate filter.
A Type C supplied-air respirator operated in pressure-demand or other positivepressure or continuous-flow mode.

Greater than 2.500 mg/m1 or Self-contained breathing apparatus with a full facepiece operated in pressure-
entry and escape from demans cr other positive pressure mode.
unknown concentrations

A combination respirator which includes a Type C supplied-air respirator with a
full facepiece operated in pressure-demand or other positive pressure or continu-ous-flow mode and an auxiliary self-contained breathing apparatus operated inpressure-demand or other positive pressure mode.

Fire Fighting Self-contained breathing apparatus with a full facepiisce operated in pressure-
demand or other positive pressure mode.

'Only NIOSH-approved or MSHA-approved equipment should be used.
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Occupational Health Guideline for
Zinc Chloride Fume

INTRODUCTION
This guideline is intended as i source of information for
employee, employers, physician],, industrial hygienists,
and other occupational health professionals who may
have a need for such information. It does not attempt to
present all data; rather, it presents pertinent information
and data in summary form.
SUBSTANCE IDENTIFICATION
• Formula: ZnCli
• Synonyms: None
• Appearance and odor: White fume with an acrid
odor.
PERMISSIBLE EXPOSURE LIMIT (PEL)
The current OS HA standard for zinc chloride fume is 1
milligram of zinc chloride fume per cubic meter of air
(mg/zn1) averaged over an eight-hour work shift.
HEALTH HAZARD INFORMATION
• Routes of exposure
Zinc chloride fume can affect the body if it is inhaled or
if it comes in contact with the eyes.
• Effects of overexposnre
1. Skort'term Exposure: Exposure to zinc chloride fume
may cause shortness of breath, a feeling of constriction
in the chest, abdominal pain, watering of the eyes,
burning of the eyes and throat, and coughing with
phlegm and bloody sputum. It miy also cause a blue
color of the skin and lips. In addition, it may cause
pneumonia. Breathing difficulties may not appear for
several hours after exposure has ceavrd. Fatal exposures
have occurred.
2. Long-itrm Exposure: None known.
J. Reporting Signs and Symptoms: A physician should be
contacted if anyone develops any signs or symptoms
and suspects that they are caused by exposure to zinc
chloride fume.

• Recommended medial nrrefllaace
The following medial procedures should be made
available to each employee who is exposed to zinc
chloride fume at potentially hazardous levels:
1. Initial Midical Examination:

»̂A complete history •«<< physical •*«mi*»«*i«t»' The
purpose is to detect preexisting conditions that might
place the exposed employee at increased risk, and to
establish a baseline for future health monitoring. Exami-
nation of the respiratory system should be stressed. The
skin should be examined for evidence of chrome disor-
ders.

—14" x IT' chest roentgenogram: Zinc chloride
fume causes human luiig damage. Surveillance of the
lungs is indicated.

—FVC and FEV (1 sec): Zinc chloride fume is
reported to cause decnased pulmonary function. Peri-
odic surveillance is indicated.
2. ftriodic Mtdieal Examination; The aforementioned
medical examinations should be repeated on an annual
basis, except that an x-ray is considered necessary only
when indicated by the results of pulmonary function
testing. Determination of zinc in the urine nay be
helpful in evaluating the extent of absorption.
• Summary of toxicology
Zinc chloride fume irritates the eyes, mucous mem-
branes, and skin, and muses delayed pulmonary edema.
Ten deaths and 25 cases of non-fatal injury occurred
among 70 persons expased to a high concentration of
zinc chloride released from smoke generators; present-
ing symptoms were conjunctivitis (two with burns of
the corneas), irritation of nose and throat, cough with
copious sputum, dyspnea, constrictive sensation in the
chest, stridor, retrosternaJ pain, nausea, epigastric pain,
and pale gray cyanosis. Of the 10 fatalities, a few died
immediately or in a few hours from pulmonary edema,
while those who survived longer developed broncho-
pneumonia. Between the second and fourth days after
exposure, almost all caics developed moist, adventitious
sounds in the lunp, and the majority continued to

Th*s* recommendations reflect good industrial hygiene and medical sutveillanca practices and their implementation willassist m achieving an eflective occupational health program. However, they may not txi sufficient to achieve compliancewith all requirements of OSHA regulations.

U.S. DEPARTMENT OF HEALTH AND HUMAN SERVICES
Public Htrtn S«rvet Camari tor COM** Control
National Institute tor Occupational Sa'tty mo Heann

U.S. DEPARTMENT OF LABOR
Occupational Salary §nd Haann Aamnscrawn
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present a pale cyanotic color; a prominent feature was
the disparity between the severe symptoms and the
paucity of physical signs in the lungs; recovery oc-
curred within 1 to 6 weeks after the incident. A
firelighter wu fatally exposed to a high but undeter-
mined concentration of zinc chloride fume from a
smoke generator; on admission to the hospital, the
patient complained of nausea, sore throat, and chest
tightness aggravated by deep inspiration. He initially
improved but then developed tachypnea, substernaJ
soreness, fever, cyanosis, and corn; the lung fields were
clear on auscultation despite diffuse pulmonary infiltra-
tions seen on the chest roentgenogrun; death occurred
18 days after exposure, and autopsy revealed active
fibroblastic proliferation and cor pulmonale. Injection
of zinc chloride solution into the testes of 49 Syrian
hamsters resulted in areas of necrosis occupying about
25% of each testis; two embryonal carcinomata of the
testis were found 10 weeks later at necropsy.
CHEMICAL AND PHYSICAL PROPERTIES
• Physical data

1. Molecular weight. 136.3
2. Boiling point (760 mm Hg): 732 C (1350 F) (for

solid)
3. Specific gravity (water « 1): 2.91 (solid)
4. Vapor density (air •> 1 at boiling point of line

chloride fume): Not applicable
5. Melting point: 283 C (541 F) (for solid)
6. Vapor pressure at 20 C (68 F). Not applicable
7. Solubility in water, g/100 g water at 25 C (77 F):

81
8. Evaporation rate (butyl acetate * l): Not applica-

ble
• Reaetirlty

1. Conditions contributing to instability; None
2. Incompatibilities: None
3. Hazardous decomposition products: None
4. Special precautions: None

• Flammability
1. Not combustible

• Waning properties
Grant states that "dilute solutions (0.2% to 1%) have
long been used as astnngent eye drops without difficul-
ty, but concentrated solutions and pastes such as en-
countered industrially have caused very severe injuries
of the comea in numerous cases of accidental splash in
the eye. . . . Cuillery found that applying 10% zinc
chloride solution for 4 to 5 minutes to a rabbit's eye
caused loss of corneal endothelium and extensive infil-
tration." No information is available concerning the
effects on the eye specifically of the fume of zinc
chloride.
The Doeumtniation ofTL Vi reports. "Elkins stated that
zinc chloride is an i r r i t an t . . . . Ferry, in investigating a
borderline condition, found that levels between 0.0"
and 0.4 mg/mj for 30 mmuies did not result in sensorv

effects. The fume is corrosive to metals at these levels,
however."

MONITORING AND MEASUREMENT
PROCEDURES
• General
Measurements to determine employee exposure are best
taken so that the avenge eight-hour exposure is based
on • single eight-hour simple or on two four-hour
samples. Several short-one interval samples (up to 30
minutes) may also be used to determine the average
exposure level. Air samples should be taken in the
employee's breathing tone (air that would most nearly
represent that inhaled by the employee).
• Method
At the time of publication of this guideline, no measure-
ment method for zinc chloride fume had been published
by NIOSH.
RESPIRATORS
• Good industrial hygiene practices recommend that
engineering controls be used to reduce environmental
concentrations to the permissible exposure level. How*
ever, there are some exceptions where respirators may
be used to control exposure. Respirators may be used
when engineering and work practice controls arc not
technically feasible, when such controls are in the
process of being installed, or when they fail and need to
be supplemented. Respirators may also be used for
operations which require! entry into tanks or dosed
vessels, and in emergency situations. If the use of
respirators is necessary, the only respirators permitted
are those that have been approved by the Mine Safety
and Health Administration (formerly Mining Enforce-
ment and Safety Administration) or by the National
Institute for Occupational Safety and Health.
• In addition to respirator selection, a complete respira-
tory protection program should be instituted which
includes regular training, maintenance, inspection,
cleaning, and evaluation.
COMMON OPERATIONS AND CONTROLS
The following list includis some common operations in
which exposure to zinc chloride fume may occur and
control methods which may be effective in each case:

2 Zinc ChJortto Fum* itrs
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Operation
Liberation from fluxing
iron/steel prior to
galvanizing

Liberation from art
welding of galvanized
iron and steel pipes

Liberation from fluxing
agent in some soldercomposition

Liberation from
vulcanizing and
reclaiming processes
for rubber

Liberation from
solutions in glass and
metal etching

Liberation from
manufacture of dry cell
batteries

Liberation from
petroleum refining
operations

Controls
Process enclosure;general dilution
ventilation; local
exhaust ventilation;
personal protective
equipment
Process enclosure;general dilutionventilation; local
exhaust ventilation;
personal protectiveequipment
Process enclosure;general dilution
ventilation; local
exhaust ventilation;
personal protective
equipment
Process enclosure;general dilution
ventilation; local
exhaust ventilation;
personal protective
equipment
Process enclosure;general dilution
ventilation; local
exhaust ventilation;
personal protective
equipment
Process enclosure;general dilution
ventilation; local
exhaust ventilation;
personal protective
equipment
Process enclosure:general dilutionventilation: local
exhaust ventilation

EMERGENCY FIRST AID PROCEDURES
In the event of an emergency, institute first aid proce-
dures and scad for first aid or medic*] assistance.
• Breathing
If a person breathes in large amounts or zinc chloride
fume, move the exposed person to fresh air at once. If
breathing has stopped, perform artificial respiration.
Keep the afTected person warm and at rest. Get medical
attention as soon u possible.
• Rescue
Move the afTected person from the hazardous exposure.
If the exposed person has been overcome, notify some-
one else and put into effect the established emergency

rescue procedures. Do not become a casualty. Under-
stand the facility's emergency rescue procedures and
know the locations of rescue equipment before the need
arises.
LEAK PROCEDURES
• Persons not wearing protective equipment and cloth-
ing should be restricted from areas of releases until
cleanup has been completed.
• If potentially hazardous amounts of tine chloride
fume are inadvertently released, ventilate the area of the
release to disperse the fume.
REFERENCES
• American Conference of Governmental Industrial
Hygienistt: "Zinc Chloride Fume," Documentation of
tht Thrtshold Limit Value* for Substances in Workroom
Air (3rd ed., 2nd printing). Cincinnati. 1974.
• Browning, £.: Toxiciiy of Industrial Metals (2nd ed.),
Bunerwonhs, London, 1969.
• Christensen, K. E-, and Lugiabyhl, T. L. (eds.):
NIOSH Toxic Substances List, 1974 Edition. HEW
Publication No. 74-134,1974.
• Evans. E. H.: "Casualties Following Exposure to
Zinc Chloride Smoke," Lancet, 2368-370,1945.
• Grant, W. M.: Toxicology of the Eye (2nd ed.), C C.
Thomas, Springfield, Elinois, 1974.
• Guthrie, J., and Guthrie. O. A.: "Embryonal Carci-
nomas in Syrian Hamsters after latraiesucular Inocula-
tion of Zinc Chloride during s^trif1 Testicular
Growth," Cancer Research, 34:2612-2613,1974.
• Johnson, F. A., azid Stonehill. R. B.: "Chemical
Pneumonias from Initiation of Zinc Chloride," Dii-
eases of tht Chest, 40:619-624. 1961.
• Johnstone. M. A., it al.: "Experimental Zinc Chlo-
ride Ocular Injury and Treatment with Disodium Ede-
tate," American Journal of Ophthamology, 76:137-142,
1973.
• Milliken. J. A., et a.!.: "Acute Interstitial Pulmonary
Fibrosis Caused by a Smoke Bomb," Canadian Medical
Association Journal, 18:36-39.1963.
• Patty, F. A. (ed.): Toxicology, Vol. II of Industrial
Hygiene and Toxicology (2nd ed. rev.), Interscience,
New York. 1963.
• Vallee. B. L.: "Zinc and Its Biological Significance."
A.M.A. Archives of Industrial Health. 16: 147-154. 1957.
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RESPIRATORY PROTECTION FOR ZINC CHLORIDE FUME

Condition Minimum Respiratory Protection*
Required Above 1 mg/m'

Paniculate Concentration
10 mg/m1 or less Any fume respirator or high efficiency particulate filter respirator.

Any supplied-air respirator.
Any self-contained breathing apparatus.

50 mg/m' or (ess A high efficiency particulate filter respirator with a full facepiece.
Any supplied-air respirator with a full facepiece. helmet or hood.
Any self-contained breathing apparatus with a full facepiece.

1000 mg/m> or less A powered air-purifying respirator with a full facepiece and a high efficiency
paniculate filter.

2000 mg/m' or less A Type C supplied-air respirator with a full facepwce operated in pressure-
demand or other positive pressure mode or with a full facepiece, helmet, or hood
operated in continuous-flow mode.

Greater than 2000 mg/m* or Self-contained breathing apparatus with a full facepiece operated in pressure-entry and escape from demand or other positive pressure mode,
unknown concentrations

A combination respirator which indudes a Type C supplied-air respirator with a
full facepiece operated in pressure-demand or other positive pressure or continu-ous-flow mode and an auxiliary serf-contained breaming apparatus operated in
pressure-demand or other positive pressure mode.

Fire Fighting Self-contained breathing apparatus with a full facepiece operated in pressure-
demand or other positive pressure mode.

Escape A high efficiency particulate filter respirator.
Any escape sell-contained breathing apparatus.

'Only NlOSH-approved or MSHA-approved equipment should be used.
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APPENDIX C
EMERGENCY ASSISTANCE AGENCIES AND CONTACTS
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EMERGENCY ASSISTANCE AGENCIES AND CONTRACTS oo
Emergency Telephone Numbers

Police
Northeast Substation
5703 Eastex Freeway
Main Number

911 or
(7 13 ) 699 -3460
(713 ) 247 -5420

HospitalLyndon B. Johnson General Hospital5656 Kelley Street
Houston, TX 77026

911 or
(7 13 ) 636-5000

Fire Department/Ambulance
333 Preston
Houston, TX 77002

911 or
(7 13 ) 247-5000

Texas State TroopersCity Switchboard ( 7 13 ) 681- 1761
(7 13 ) 247- 1000

Harris County Sheriff
( 7 13 ) 22 1 -6044

911 or

To Report Toxic Chemical andOil Spills 1 -800-424-8802

Health Information Services

Poison Control Center
Tox Line
CHEMTREC (24 hour)

( 7 13 ) 654- 1701
( 3 0 1 ) 496-1 13 1
( 8 0 0 ) 4 3 4 - 9 3 0 0

C-l
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Project Office Personnel (Contacts)

Project Manager (TBD)

oc--
oo

Beazer East. Inc.

Shannon K. Craig, Program Manager ( 4 12 ) 227-2684(work)
(4 12 ) 367-4069(home)

Beazer Environmental Services. Inc.

Michael P. Helbling, Project Manager (4 12 ) 227 -2690(work)
( 4 12 ) 733 -4627

(home)

Environmental Protection Agency

Mark Fite, Remediation Project Manager (2 14 ) 655-6715

C-2
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LBJ General HospitalStreet

Ka&hnerp
Ga/dcn

South Cavalcade Site
To Reach Nearest Hospital
• From Site - TakeCavalcade orCollingsworth East to

US 59 North (to left)
• Take US 59 north toKelly Street Exit

Turn east (to right)on Kelly to LBJ
Memorial Hospital at5656 Kelly (on northside of street]

(N
OSoo
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TYPES AND USES OF FIRE EXTINGUISHERS ^
VOON

DRY CHEMICAL §
Dry chemical extinguishers will be used to extinguish most small fires.
The extinguishers shall be placed for easy access during site work
activities that include:

use of solvents ( e . g . , washing split spoons)
• storage of flammable liquids

sampling or removing flammable soils
Dry chemical extinguishers will be available in the following capacity:

10 Ib ABC dry chemical
20 Ib ABC dry chemical

NOTES: Nonexplosion-proof or sparkling equipment is prohibited from
areas where flammable solvents or flammable gases are present.

E-l
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ACTION LEVELS OBTAINED FROM DIRECT READING MEASUREMENTS
A. Gases and Vapors

1. Organic Survey Mode
Measurement(PPM Above Background)
Background to <10 ppm
above background

>10 ppm < 100 ppm

Action and Level of Protection
Monitor site constituent level in
or near breathing zone of worker.No respiratory protectionrequired.
Monitor contaminant level in or
near breathing zone of workers
Level C protection.

> 100 ppm Stop work activities.

2. Combustible Gas
Measurement (% LED
>10 to 25

>25

Action
Limit activities in area to those
that do not generate sparks, non-
sparking tools and gear,
investigate source of combustiblegas.
Limit all activities in area,
stop work activities.

3. Oxygen Level
Measurement (in percent)
< 19 .5
1 9 . 5 - 25

>25

Action and Protective Equipment
Monitor while wearing SCBA.
Continue measurements with
respiratory protection equipment
based on other factors such asthe presence of toxic air
contaminants.
Fire hazard potential exists,
stop work activities.
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B. Particulate Level (Respirable Dust Monitor) Or-
Measurement ma/m Action and Protective Equipment Q\,

O
< 1 No respiratory protection °required.
1 to <5 Level C protection. Air

purifying respirator should be
equipped with high
efficiency/organic vapor/acid gascombination cartridges. Basic
dust control techniques shall be
used for all intrusiveactivities.

>5 to <10 Upgrade to B-level protection.
Collect air sample information.

>10 Stop work activities.
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SPILL/VOLATILE EMISSIONS RELEASE
CONTINGENCY PLAN )§
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SPILL/VOLATILE EMISSIONS RELEASE CONTINGENCY PLAN ^
^OONOThe SHSO shall identify potential emergency situations that could o

arise at a job site and the primary resources for emergency
assistance. Site personnel must be prepared to immediately respond to
any site emergency. The SHSO shall ensure that all site personnel are
familiar with the project plans developed to effectively handle
emergency situations.
1 .0 RESPONSIBILITIES
In the event of an emergency, the Project Manager (PM) or designee
shall be designated as the Emergency Response Coordinator and be
responsible for control and decision-making on the site. This
individual must:

Be identifiable to local emergency response personnel.
Be backed up with a specified alternate.
Have authority to resolve any safety and health problems
with assistance from the SHSO.
Be authorized to obtain equipment and supplies, as needed.
Have control of all personnel entering that portion of the
site within the emergency area.
Have an established line of communications to obtain the
clear support of contractor management and the technical
groups.

1 . 1 Project Manager
The Project Manager has overall responsibility for the project. He
must ensure that adequate staff and resources are available to conduct
an effective emergency response program. The PM will be responsible
for coordinating and implementing this plan. He shall enforce health
and safety requirements at the site. He shall have a working
knowledge of federal, state, and local regulations as well as
contractor policies and procedures. The PM shall coordinate
activities with the Site Health and Safety Officer. In the absence of
the PM, the SHSO shall assume his responsibilities.
The PM must be thoroughly familiar with all aspects of the Emergency
Response Plan, all operations and activities of the facility, the
locations and characteristics of waste handled, the location of all
records within the facility, and the facility layout. In addition,
this person must have the authority to commit the resources needed to
carry out the activities of this plan.
Whenever there is an imminent or actual emergency situation, the
Emergency Coordinator, or his designee, must immediately:

1-1
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Activate internal facility alarms or communication system oo
where applicable to notify all facility personnel ^

O
Notify appropriate State or Local agencies with designated °
response roles if their help is needed
Identify the characteristics, exact source, amount and
extent of any released materials. He may do this with the
aid of facility records, and if necessary by chemical
analysis
Concurrently, the PM must assess possible hazards to human
health, the environment, and the community that may result
from chemical release, fire, or explosion. This assessment
must consider both direct and indirect effects caused by the
emergency.

The PM must take all reasonable measures necessary to ensure that
fires, explos ions, and releases do not occur, recur, or spread to
other materials at the South Cavalcade Superfund Site. These measures
must include, where applicable, stopping processes and operations,
collecting and containing released waste, and removing or isolating
containers.
If operations are stopped in the response to a fire, explosion or
release, the PM must monitor for leaks, pressure buildup, gas
generation or ruptures in valves, pipes, or other equipment, whereverappropriate.
Immediately after an emergency, the PM must provide for treating
storing, or disposing of recovered materials, impacted soil or surface
water, or any other material that results from a release, fire, orexplosion.
The PM must ensure that, in the affected a r ea ( s ) :

No materials that may not be compatible with the released
materials is treated, stored, or disposed of until cleanup
procedures are completed.
All emergency equipment listed in this plan are cleaned and
fit for its intended use before operations are resumed.

1 .2 Health and Safety Manager (HSM)
The HSM is responsible for developing all emergency procedures and
components to this Emergency Response Plan. He shall provide
technical guidance to the Emergency Coordinator. He shall identify
staffing needs and supervise all aspects of the program.
1.3 Site Health and Safety Officer fSHSCO
The SHSO is responsible for implementation of the Health and Safety
program at the site. He will coordinate site health and safety
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activities with the emergency coordinator and report technically to
the HSM in the event of an emergency.
The SHSO has the authority to:

Stop work
Provide necessary personnel monitoring
Require specific health and safety precautions prior to site
entry by personnel
Require any personnel to obtain immediate medical attention
if warranted
Restrict access to the site or a portion thereof
Order the immediate evacuation of personnel from any area of
the site
Enforce the Worker Health and Safety Plan (WHSP) , Project
Instructions and this plan in the absence of the PM.
Inspect and maintain emergency equipment ( e . g . , fire
extinguisher and self-contained breathing apparatus) at the
facility to provide for safe and continuous operation in an
efficient and cost-effective manner

1 .4 Emergency Response Team
The Emergency Coordinator, SHSO, and other personnel designated andtrained by the Emergency Coordinator or SHSO, shall respond at the
site in the event of an emergency.

The SHSO shall initiate a detailed fire prevention and protection
training program.
Supervisors are responsible for maintaining a constant awareness of
the fire potential in their area of responsibility and scheduling
specific training for aspects of fire prevention and protection unique
to that area.
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oo2.0 TRAINING AND DRILLS <O
ONoOn-site personnel shall have a specified level of emergency training o

depending on their job responsibilities.
Emergency training and drills shall be scheduled and conducted for
site personnel as authorized by the SHSO and have clear support of
contractor management and the technical support groups in the Home
Off ice . On-s ite businesses will not be participants in the site
drills, but will be encouraged to conduct their own drills.
All site personnel, whether directly involved in emergency responses
or not, shall be made aware of their responsibilities in an emergency.
Appendix C is a listing of off-site emergency assistance agencies that
shall be posted adjacent to strategically located phones and in other
conspicuous places on the site.
Visitors shall be briefed on basic emergency procedures ( i . e . ,
emergency signals, evacuation routes) .
Off-site emergency assistance personnel shall receive site-specific
information pertinent to emergency response and should be provided
with the following minimal information:

Potential site-specific hazards
Site emergency procedures
Decontamination procedures
Response techniques

2-1
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3.0 TYPES OF EMERGENCIES Ô>OA variety of work-related (fal l s , chemical exposures, heat stress, O
equipment failures, e t c . ) and site-related (fires, explosions,
releases of vapors, chemical reaction, e tc . ) emergencies could occur
at a site:

Occupational
- Personal injury or fatality
- Property damage
- Environmental release
- Personnel exposure
- Fire
- Unplanned water discharge
- Impacted substance spills
Natural Phenomena
- Earthquake
- Tornado/hurricane
- Snow, ice and wind
Threats and civil disorders
- Bomb threat
- Sabotage/intrusion
- Civil disturbances (hostile)
- Kidnapping/extortion
- Unauthorized entry, vandalism or theft

3.1 Priorities for First Aid. Primary Medical Care and
Decontamination

For any life-threatening injury or illness or for any situation where
immediate primary medical attention is necessary, medical care shall
take precedence over monitoring and/or decontamination. Monitoring
and decontamination should be done prior to seeking primary medical
care only if they can be accomplished without delaying medical care or
adversely impacting the sick or injured person.
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3.2 First Aid Assistance oo
^O

First aid assistance shall be administered by individuals trained and o
certified by the American Red Cross or equivalent agency in first aid O
and CPR. A permanent location shall be set aside, in a clean and safe
area, with appropriate first aid provisions for the care of employees
in the event of an injury or illness. This area shall then be
designated as the point of contact for emergency ressponse personnel
when summoned for ass istance.
3 .3 Minor Occupational Injuries
Minor injuries to employees on site may be treated by individuals
utilizing the first aid kits located on site.
3.4 Non-Serious Occupational Injuries
Personnel with non-serious medical injuries that require a physician's
attention should be driven to the physician's office noted on the
site-specific Emergency Assistance List in the WHSP. If more than one
dose of medication is administered, the incident becomes an OSHA
reportable.
3.5 Emergency Occupational Injuries
Emergency injuries require that the individuals be stabilized to
reduce the possibility of shock, and an ambulance be summoned
(Appendix C ) .
A worker who has been in a impacted work area, should be surveyed
prior to ambulance arrival by appropriate contractor personnel. If
site-related constituents are detectable above allowable limits on the
injured individual, steps to decontaminate the individual should be
taken if possible. However, life support techniques will take
precedence over decontamination.
Emergency injuries/illnesses will be handled at the hospital listed in
the WHSP.
3.6 Occupational Injuries with Contamination
Upon notification of an injury on site, the site SHSO or designated
representative shall be summoned to the location of the injured
individual to supervise the monitoring and decontamination, if
necessary.
Any worker requiring medical attention shall be evacuated promptly
from any impacted area. However, personnel should not enter an area
to attempt a rescue if their own lives would also b& threatened
because of inadequate personnel protection ( i . e . , rescue from oxygen
deficient atmosphere without SCBA) .
The SHSO shall be responsible for evacuating any person from any
controlled area and for providing special decontamination for any
injured person.
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Only qualified personnel shall give first aid and stabilize any worker
needing assistance. Life support techniques such as eardiopulmonary
resuscitation (CPR) and treatment of life-threatening problems, such
as bleeding, airway maintenance, and shock shall be given top
priority. Profess ional medical assistance shall be obtained as soon
as possible.
Site-related constituent measurements should be taken of the injured
individual and the hospital notified prior to the ambulance arrival at
the medical facil ity. If this is not possible, the accident scene
should be checked and an estimate of the constituent levels relayed to
the medical facil ity.
Individuals that are impacted by constituents of concern and require
emergency treatment will be transported by ambulance to the hospital
noted in the WHSP .
3 .7 Fire Fighting
An attempt shall be made to extinguish small fires with portable fire
extinguishers. Personnel using these devices shall be trained in
their use. Fires that cannot be controlled immediately shall be
extinguished by the local fire department noted in Appendix C. If a
fire is not extinguished with a portable extinguisher, personnel shall
immediately evacuate the area.
Any fire, no matter how seemingly insignificant, must be reported to
the Emergency Coordinator. A fire that does not appear to be
extinguishable shall be reported to the fire/rescue department noted
in this document. Primary attention should be focused on rescue of
personnel, preventing the spread of fire to other areas, and treatment
of injuries.
The Emergency Coordinator, or his designee, will be required to
interface with the fire department as it arrives on the scene. He
will give all pertinent information including hazards, missing
personnel including their last known work location and the fire
location and s ize .
3.8 Impacted Substance Spill
During the Spill - The Emergency Coordinator shall direct emergency
activities at the spill and assure that all health and safety
equipment and supplies needed for a spill are readily available and
properly used.
The members of the Emergency Response Team shall be instructed on the
suspected characteristics of spilled material(s) and special clean-up
procedures.
The SHSO and Home Office support personnel listed in Appendix C shall
be responsible for providing the Emergency Coordinator with technical
information.
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ooSpill Clean-up - During a spill clean-up, the SHSO shall: oo
ONMonitor for chemical or biological exposures O

Determine the need for protective equipment and apparel
Identify the restricted work areas and controlled access
areas
Provide clean-up guidance

The Emergency Coordinator shall be responsible for directing any
subcontractor work crews. The SHSO shall remain at the spill scene
during clean-up activities, until the scene is secured or released by
the Emergency Coordinator. The SHSO shall notify the HSM at the
earliest opportunity of all activities and shall provide technical
information to the Emergency Coordinator. The SHSO shall receive
technical direction from the HSM.
3.9 Gas , Vapor, and Dust Emission Response Plan
3 . 9 . 1 Site Emergency Warning System. Several warning systems may be
utilized depending on the work-site conditions, the type and the
degree of emergency involved. Among those available and appropriate
for this site are

Verbal communications
Vehicle horns
Portable hand-held compressed gas horns
Telephones
Two-way radios

3 . 9 . 1 . 1 Verbal Instructions. Verbal instructions with or without
assistance are used to deal with specific incidents.

3 . 9 . 1 . 2 Horn Signals . Horn signals are used to signify an emergency
warning.

3 . 9 . 1 . 3 Emergency Site Evacuation Signal. One long blast of
vehicular or compressed gas horns is used on-site to signify
emergency evacuation of the immediate work area to the
predetermined rally point (as covered in the daily Health &
Safety Br ief ing) , where a head count will be taken and
further instructions given.

3 . 9 . 1 . 4 Exclusion Zone Evacuation Signal. Repeated short blasts are
used on-site or from off-site to signify evacuation of all
personnel from the Exclusion Zone to the hot line where
further instructions will be given after a head count is
taken.

3 . 9 . 2 General Emergency Procedures. In case of an emergency or
hazardous situation, the team member that observes this condition
shall immediately give the alarm.
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3 . 9 . 2 . 1 Communicat ions Priority. Upon hearing an alarm, all ^o
communications will cease and the member giving the alarm g
will proceed to give the PM, SHSO and/or the BEAZER §
representative all pertinent information. BEAZER site
personnel will be notified.

3 . 9 . 2 . 2 Response Act ions . Actions to be taken will be dictated by
the emergency.

3 . 9 . 2 . 3 Equipment Shutdown. Power equipment will be shut down and
operators will stand by for instruction.

3 . 9 . 2 . 4 Injured Personnel Decontamination. Injured personnel will
be, so far as necessary and prudent, processed through the
entire Decontamination Process.

3 . 9 . 2 . 5 Rally Point . In case of a fire, explosion and/or hazard
alarm, individuals will proceed immediately to the rally
point assigned in the Daily Health & Safety briefing.

3 . 9 . 2 . 6 Headcount . Upon arrival at the rally point, a complete head
count will be taken by the PM or SHSO and reported to the
BEAZER representative. Individuals will stay at the rally
point until the area is secured and they are instructed to
return to work by the Project Manager.

3 . 9 . 3 Flammabil ity. If explosion meter readings above background are
encountered, the reading shall be immediately verified and the
instrument checked to be sure it is working properly. Any
concentration of flammable vapors in excess of ten ( 10 ) percent of the
lower explosive limit (LEL) at the perimeter of the site shall result
in:

1. Stoppage of on-site operations that are producing the
flammable vapors

2. Investigation of on-site operations to determine the
causation of the flammable vapors

3. Implementation of engineering controls to reduce flammable
vapors at the site perimeter to less than five (5) percent
of the LEL

Concentrations equal to or greater than 20 (twenty) percent of the LEL
shall result in the immediate evacuation of the public within 300 feet
of the affected area. The SHSO shall determine when personnel are
safe to return and when operations may resume. Table 3-1 defines
action levels and specific responses to flammable vapor action levels.
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^E 3-1

INSTRUMENT
TYPE

INSTRUMENT
CERTIFICATION

ACTION
LEVEL

RESPONSE TO
CONCENTRATIONS
ON SITE

RESPONSE TO CONCENTRATIONS
OF OFF-SITE OR AT THE
SITE PERIMETER

LEL Monitor Class I Division I
Groups A ,B ,C , & D

Above
background
but less than10 percent
10 percent
to 20 percent
of the level

20 percent
or greaterof the level

1. Frequent
monitoring

2. Alert SHSO

Investigation ofon-site operations
by the SHSO
Continue
Monitoring
Instrument
calibration check

Stoppage of
on-site operationsaffecting the
elevated
concentrations
Implementation of
engineeringcontrolsContinuous
monitoring
Resumation of work
when LEL is less
than 10 percent
of LEL

1. Frequent Monitoring
2. Alert SHSO

1. Stoppage of work
2. Investigation of on-siteoperations by the SHSO
3. Instrument calibration

check
4. Continuous monitoring
5. SHSO approval to resume

on-site operations
1. Stoppage of on-site

operations until the
flammable vapors are
less than 5 percent
of LEL2. Continuous monitoring

3. Evacuation of public
within 300 feet of
affected area

4. SHSO approval to resume
work
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3 . 9 . 4 Vapors . Gase s , and Dusts . Toxic vapors, gases, and dusts
will be monitored at the perimeter of the work area. Hourly
monitoring shall be conducted whenever site-related constituents
are detected above background. Figure 3-1 is a flow diagram
providing guidance for monitoring rationale. Ambient air
constituents concentrations shall not exceed allowable levels
listed in 40 CFR Part 50. Constituents not listed in 40 CFR Part
50 shall not exceed one-fiftieth of the permissible exposure
limit (PEL) enforced by OSHA. OSHA standards are found in 29 CFR
19 10 .
Ambient air concentrations of unknown gases and vapors shall not
exceed:

1. Ten ( 1 0 ) parts per million (ppm) above background at
the perimeter of the work area

2. Five (5) ppm above background at the perimeter of the
exclusion zone

Compliance with the above requirements will minimize public
exposure to on-site chemicals such as benzene, phenol, and other
low threshold compounds that may escape the South Cavalcade
Superfund Site .
Whenever ambient air levels exceed criteria stated above,
operations shall not resume unless all the following criteria are
met:

1. Constituents have been identified and safe levels are
no.t exceeded

2. Engineering controls have been implemented to control
airborne emissions to meet criteria stated above

3. The SHSO approves resuming operations after receiving
functional guidance

3 . 9 . 5 Emergency Emission Response Criteria. The Emergency
Emission Response Plan described below shall be implemented
whenever any of the following criteria is met:

1. Flammable gases and vapors exceed twenty ( 20 ) percent
of the LEL within twenty ( 2 0 ) feet of a commercial or
residential facility

2. Gases such as hydrogen sulfide or hydrogen cyanide
exceed fifty percent of the ambient air standard
within twenty ( 2 0 ) feet of commercial or residential
facility
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FIGURE 3- 1
OO
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ImplementEmergency EmissionResponse Plan
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FLOW DIAGRAM PROVIDING GUIDANCE
FOR MONITORING RATIONALE
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3. Unknown gases or vapors exceed five (5) ppm above
background at three hundred ( 3 0 0 ) feet from a
commercial or residential facility

4. Unknown gases or vapors exceed one (1) ppm within
twenty ( 2 0 ) feet of a commercial or residential
facility

5. Known constituents not listed in 40 CFR Part 50 exceed
one-fift ieth of the OSHA PEL within twenty ( 2 0 ) feet
of a commercial or residential facility

3 . 9 . 6 Emergency Emiss ion Response Plan . Upon activation of the
emergency, the following activities will be undertaken:

The local police authorities will immediately be
contacted by the SHSO or PM and advised of the
situation.
Evacuation of the public will be conducted at all
areas adjacent to and within the impacted zone as
defined above.
Frequent air monitoring will be conducted at 30-minute
intervals within the 20-foot zone. If two successive
reading below action levels are measured, air
monitoring may be halted or modified by the SHSO.
The following personnel will be notified in the listed
sequence in the event that this Major Vapor Emission
Response Plan is activated:

Responsible Person Contact ____ Phone

(TBD) Health and Safety (TBD)
Manager

(TBD) Project Manager (TBD)

3 . 10 Natural Phenomena
The Emergency Coordinator and the SHSO are responsible for
anticipating as much as possible, any potential emergency
situation that can occur.
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4.0 SITE CONTROL AND SECURITY (EMERGENCY CONDITIONS) ,_j.
OsIn the event of an emergency, the PM shall be responsible for: ^
OAscertaining who is on site ^

Controlling entry of personnel into the affected area
Directing emergency rescue and response personnel

4-1

009694



5 .0 COMMUNICATIONS
5.1 On-site Communications i^

ON
An on-site communications system (See Section 3 . 9 . 1 ) shall be ON
established to alert workers to danger, convey safety O
information, and maintain site control. In addition, the
Emergency Coordinator will contact any on-site businesses when
notification is necessary.
5 .2 Off-s i t e Communicat ions
The SHSO shall ensure that all site personnel be familiar with
the procedure for contacting public emergency assistance
agencies. When reporting an emergency situation, the following
information shall be provided:

Name of person making call
Telephone number and location of person making call
Name of person(s) exposed or injured
Nature of emergency
Actions taken
Name and location of site contact for emergency ifother than caller
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6.0 EMERGENCY EQUIPMENT AND SUPPLIES ON
^O

The SHSO shall, with guidance from S&H staff, assure that basic o
emergency equipment and supplies are available and in good O
condition at the work site.
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7.0 EVACUATION PLAN ^
VOAn evacuation of any work location may be required because of O^

fire, chemical release, explosive or flammable atmospiheres, or §
other abnormal conditions. The evacuation will continue until
normal conditions have been restored and reentry authorized by
the Emergency Coordinator. It is important that during an
evacuation process, all persons should remain calm arid follow
prescribed procedures for an orderly exit. The evacuation
procedures are described in the following paragraphs.
The SHSO shall make site personnel aware of evacuation routes
(primary and alternates) . Evacuation should be upwind or
crosswind from any airborne constituents of concern. The SHSO
shall determine daily a central meeting point based on the wind
direction. The meeting will be discussed daily with the site
workers. A daily head count shall be made by the SHSO or
Emergency Coordinator to determine, should evacuation become
necessary, if all site personnel are safety evacuated.
No personnel shall reenter the work site unless to attempt a
rescue. Only trained personnel may attempt a rescue. Workers
shall not reenter an evacuated area until the emergency
conditions have been corrected. The SHSO and Emergency
Coordinator will determine when the area is safe for reentry and
the Emergency Coordinator shall authorize reentry.
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8.0 REPORTING AND EMERGENCY/COMMUNITY EVACUATION ooc^If the Emergency Coordinator determines the facility has had a ^O
release, fire, or explosion which could threaten human health or Q
the environment outside the facility, he must report, his finding O
as follows:

If his assessment indicates that evacuation of local
areas may be advisable, he must immediately notify
appropriate local authorities (emergency phone numbers
given in Appendix C). He must be available to help
local and other agency officials decide whether areas
should be evacuated.
He must immediately notify either the governmental
official designated as the on-scene coordinator for
that geographical area (in the applicable regional
contingency plan under Part 1510 of the Environmental
Protection Agency 40 CFR) or the National Response
Center (using their 24-hour toll-free number
8 0 0 / 4 2 4 - 8 8 0 2 ) . The report must include:

Name and telephone number of reporter
Name and address of the facility
Time and type of incident ( e . g . , release, fire)
Name and quantity of material(s) involved if known
The extent of injuries, if any
The possible hazards to human health or the
environment

The Project Manager should notify the EPA Regional
Administrator and appropriate State and local
authorities that all equipment listed in this plan is
clean and operational. The Project Manager shall
ensure that material which may not be compatible with
any released material is not treated, stored or
disposed of until cleanup procedures are completed.
Operations may be resumed in the affected area(s) only
after the emergency condition has been resolved.
The Project Manager must note in the operating records
the time, date, and details of any incident that
requires implementing the contingency plan. Within 15
days after the incident, the Project Manager must
submit a written report on the incident to the Regional
Administrator with a copy to the HSM. The report must
include:

Name, address, and telephone number of the Project
Manager
Name, address and telephone number of the facility
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Date, time and type of incident ( e . g . , fire, QN,
explosion) O>

ONName and quantity of material(s) involved O
The extent of injuries, if any
An assessment of actual or potential hazards to
human health or the environment, where this is
appl icable
Estimated quantity and disposition of recovered
material that resulted from the incident
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9.0 COPIES OF THE EMERGENCY RESPONSE PLAN OOt-^A copy of the Emergency Response Plan and all revisions to the ON
plan must be: §

Maintained at the facility
Submitted, as appropriate, to all local police
departments, fire departments, hospitals, and State and
local emergency response teams that may be called upon
to provide emergency services
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1 0 . 0 ARRANGEMENTS WITH LOCAL AUTHORITIES ^
O

Arrangements shall be made to familiarize the police;, fire O,
departments, and emergency response teams with the layout of the §
facility, properties of waste handled and associated hazards,
places where on-site personnel would normally be working,
entrances to roads inside the facility and possible evacuation
routes.
The Hospital shall be familiarized with the properties of waste
handled at the facility and the types of injuries or illnesses
which could result from fires, explosions, or releasies.
Documentation of these meetings shall be retained.
Documentation shall be made if a State or local authority
declines to provide support during an emergency.

10-1
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1 1 .0 AMENDMENTS TO THE EMERGENCY RESPONSE PLAN
The Emergency Response Plan must be reviewed, and immediately
amended, if necessary, whenever:

Applicable regulations are revised
• The plan fails in an emergency

The facility changes - in its design, construction,
operations maintenance, or other circumstances - in a
way that materially increases the potential for fires,
explosions, or releases of waste or waste constituents,or changes the response necessary in an emergency
The list of emergency coordinators changes
The list of emergency equipment changes

11-1
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1 2 . 0 INVESTIGATION/RECORD KEEPING (NOr^The SHSO shall investigate all emergency incidents. OOOEmergencies shall be investigated by the Health and Safety staff
following guidance in the Safety Procedures Manual. The
requirements for occupational injury record keeping are also
described in this document.

12-1
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1 3 . 0 EMERGENCY ASSISTANCE AGENCIES AND CONTRACTS

enor-ooo
Emergency Telephone Numbers

Police
Northeast Substation
5 7 0 3 Eastex Freeway
Main Number

911 or
( 7 1 3 ) 699 -3460
(7 13 ) 247-5420

Hospital
Lyndon B. Johnson General Hospital
5656 Kelly Street
Houston, TX 7 7 0 2 6

911 or
( 7 1 3 ) 636-5000

Fire Department/Ambulance
333 Preston
Houston, TX 7 7 0 0 2

911 or
( 7 1 3 ) 247 -5000

Texas State Troopers
City Switchboard

(7 13 ) 681-1761
(7 13 ) 247- 1000

Harris County Sheriff 911 or
(7 13 ) 22 1 -6044

To Report Toxic Chemical and
Oil Spills 1 - 800-424-8802

Health Information Services

Poison Control Center
Tox Line
CHEMTREC (24 hour)

(7 13 ) 654- 1701
(30 1 ) 496- 1 13 1
(800) 434-9300

13-1
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Project Office Personnel (Contacts)

Project Manager

Beazer East, Inc._

Shannon K. Craig, Program Manager

Beazer Environmental Services . Inc.

Michael P. Helbling, Project Manager

Environmental Protection Agency

(TBD)

( 4 1 2 ) 2 2 7 - 2 6 8 4
(work)

( 4 1 2 ) 3 6 7 - 4 0 6 9
(home)

( 4 1 2 ) 2 2 7 - 2 6 9 0
(work)

( 4 1 2 ) 7 3 3 - 4 6 2 7
(home)

or--o\oo

Mark Fite, Remediation Project Manager ( 2 1 4 ) 655-6715

13-2
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APPENDIX H
RESPIRATOR INSPECTION, MAINTENANCE,

AND STORAGE PROGRAM
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RESPIRATOR INSPECTION, MAINTENANCE, AND STORAGE ONOO
I. PURPOSE:

To provide guidelines to aid in the development of siterespiratory protection programs.
II. SCOPE:

This guide is for use at all site operations.
III. INSPECTION AND MAINTENANCE:

A. General
The OSHA standard requires that the respiratory
protection program shall include a maintenance programconsisting of at least the following:
1. Inspection for defects (including a leak check).2. Routine cleaning and disinfecting.
3. Repair and/or replacement as required.4. Proper and sanitary storage of equipment.
The OSHA standard permits the tailoring of the
maintenance program to suit the particular operationand hazards involved. The maintenance programs willinclude at least the minimum elements given above, with
careful consideration to individual respirator
manufacturer's instructions for cleaning andmaintenance for each respirator type.

B. Cleaning and Disinfecting
1. For operations where reusable respiratory

protective equipment is used routinely, respiratorsshall be cleaned and disinfected daily.
2. For operations where respirators are used lessfrequently, periodic cleaning and disinfecting may

be appropriate if respirators are issued forcontinuous personal use by an individual worker.
3. A respirator issued for other than continuous

personal use by a worker, including routine, non-
routine, emergency, or rescue use, shall be cleaned
and sanitized after each use.

C. Inspection. Part Replacement, and Repair
1. Each respirator shall be inspected regularly before

and after each use.

H-l
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Each respirator shall be inspected by the user
immediately prior to each use to ensure that it isin proper working condition.
Routinely used air-purifying respirators should be
checked as follows before and after each use:
(a) Examine the facepiece for:

(1) Excessive dirt.
(2) Cracks, tears, holes or physical

distortion of shape from improperstorage.
(3) Inflexibility of rubber facepiece

(stretch and knead to restoreflexibility.)
(4) Cracked or badly scratched lenses infull facepieces.
(5) Incorrectly mounted full facepiece

lenses, or broken or missing mountingclips.
(6) Cracked or broken air-purifying element

holder(s), badly worn threads ormissing gasket(s) if required.
(b) Examine the head straps or head harnessfor:

(1) Breaks.
(2) Loss of elasticity.
(3) Broken or malfunctioning buckles andattachments.
(4) Excessively worn serrations on head

harness, which might permit slippage(full facepieces only).
(c) Examine the exhalation valve for thefollowing after removing its cover:

(1) Foreign material, such as detergent
residue, dust particles or human hairunder the valve seat.

(2) Cracks, tears or distortion in thevalve material.

H-2

009707



ooo
(3) Improper insertion of the valve body in

the facepiece. O
(4) Cracks, breaks or chips in the valve

body, particularly in the sealing
surface.

(5) Missing or defective valve cover.
(6) Improper installation of the valve in

the valve body.
(d) Examine the air-purifying element for:

(1) Incorrect cartridge, canister or filter
for the hazard.

(2) Incorrect instal lation, loose
connections, missing or worn gasket orcross threading in the holder.

(3) Expired shelf-life date on thecartridge or canister.
(4) Cracks or dents in the outside case ofthe filter, cartridge or canister,

indicated by the absence of sealingmaterial, tape, foil, etc. , over theinlet.
(e) If the device has a corrugated breathing

tube, examine it for:
(1) Broken or missing end connectors.
(2) Missing or loose hose clamps.
(3) Deterioration, determined by stretchingthe tube and looking for cracks.

(f) Examine the harness of a front - or back-
mounted gas mask for:
(1) Damage or wear to the canister

holder, which may prevent its bein
g held in place.

(2) Broken harness straps for
fastening.

H-3
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4. Inspection of a Routinely Used Air-Supplied Device Q^

O
(a) If the device is a tight-fitted facepiece, °

use the procedures outlined under air-
purifying respirators, except those
pertaining to the air-purifying elements.

(b) If the device is a hood, helmet, blouse or
full suit, use the following procedures:

(1) Examine the hood, blouse or full suit
for rips and tears, seam integrity,
etc.

(2) Examine the protective headgear, if
required, for general condition with
emphasis on the suspension inside the
headgear.

(3) Examine the protective face shield, if
any, for cracks or breaks or impairedvision.

(4) Make sure the protective screen isintact and secured correctly over the
face shield of abrasive blasting hoodsand blouses.

(c) Examine the air supply system for:
(1) Integrity and good condition of air

supply lines and hoses, including
attachment and end fittings.

(2) Correct operation and condition of all
regulators, or other air flowregulators.

5. For SCBA units, the inspection should include allitems in Section D above, and should determine
that:
(a) The high pressure cylinder of compressed

air or oxygen is sufficiently charged forthe intended use, preferably fully charged.
(b) On closed circuit SCBA, a fresh canister of

CO2 (carbon dioxide) sorbent is installed.
(c) On open circuit SCBA, the cylinder has been

recharged if less than 25% of the useful
service time remains.

H-4
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r-D. Storage. O^Oo(a) Respirators shall be stored in a manner
that will protect them against dust,
sunlight, heat, extreme cold, excessive
moisture, or damaging chemicals.

(b) Respirators shall be stored to prevent
distortion of rubber or other elastomeric
parts. They shall not be stored in such
places as lockers and tool boxes unless
they are protected from contamination,
distortion, and damage.

(c) Emergency and rescue-use respirators that
are placed in work areas shall be quicklyaccessible at all times, and the storage
cabinet or container in which they are
stored shall be clearly marked.

H-5
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PERMITTING PLAN

1 .0 INTRODUCTION
A Remedial Design Work Plan was prepared to describe the pilot
plant and construction activities of the remedial action
specified in the Record of Decision (ROD) for the South
Cavalcade Site in Houston, Texas. A Permitting Requirements
Plan is required as part of the Remedial Design Work Plan,
pursuant to the Consent Decree between Beazier East, Inc.
(Beazer) and the United States Environmental Protection Agency
( EPA) . In addition to this Permitting Requirements Plan, the
Work Plan is comprised of a scope of work, a Quality Assurance
Project Plan (QAPP) , Sampling and Analysis Plan (SAP) , a
Health and Safety Plan (HASP) and a Treatability Work Plan.
All site activities will be performed according to the
procedures described in these plans.

2.0 PERMITTING REQUIREMENTS
Most aspects of the on site remedial action occurring on the
South Cavalcade Site do not require permits as remedial action
was selected and will be carried out in compliance with
Section 121 of CERCLA. Since waste-water and storm water will
be discharged offsite, an NPDES permit will be required from
the U .S . Environmental Protection Agency and an Industrial
Waste Discharge permit will be required from the Texas Water
Commission. Also, groundwater withdrawal wells within Harris
and Galveston Counties require notification to the Harris-
Galveston Coastal Subsidence District. Such wells will be
used during the remedial action phase of the project.
Water quality sampling wells are exempt from metering
requirements. Applicable or Relevant and Appropriate
Requirements (ARARs) will be considered during each phase of
remedial action implementation. This plan specifically
addresses permits required at the pilot plant stage of the
Remedial Design Work Plan.
2.1 Operating Permits

Treated pilot plant waste-water and storm vrater collected
from the pilot plant area will be transferred via a storm
water pipe to Little Whiteoak Bayou, a small off-site
stream southeast of the site. Since the discharge occurs
off site, it is subject to federal and state permitting
requirements under existing regulations. At the current
time, Texas is not authorized to issue waste water
discharge permits under the Clean Water Act. Instead,
Texas developed an industrial waste water discharge
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c--permit program. A National Pollutcint Discharge ^
Elimination System (NPDES) permit will be required by the oU.S . Environmental Protection Agency (EPA) under the
authority of Section 402 of the Clean Water Act. In
addition, an industrial waste water discharge permit will
be required from the Texas Water Commission (TWC) under
Texas Administrative Code, Title 31. Also, notification
of the intent to drill wells used to withdraw water from
the shallow aquifer during the remedial action phase ofthe operation will be submitted to the Harris-Galveston
Coastal Subsidence District. Actual permits for the
wells are not required according to the legal staff of
this district, although applications should be forwardedto the district in order to confirm this opinion.
The preparation of these permit applications or
notifications will occur concurrently with the remedialdesign activities of the South Cavalcade Site. Permits
for the pilot test phase of the project will be required
prior to construction of the pilot plant at the site.The NPDES permit and the TWC industrial waste water
discharge permit will require modification when the
design and site configuration aspects for the remediation
treatment phase of the project has been finalized.
Permit application activities for the pilot test phase of
the project have been identified as follows:
2 . 1 . 1 NPDES Permit Requirements

Organizational details of the operating
entity.
Description of the processes involved in the
production of waste water in the facility.
Line drawings of the processes involved in the
operation of the pilot plant.
Quality of background water in terms of
standard pollutants, such as pH, total
suspended solids and BOD5 may be required.
Estimated effluent quantity arid quality interms of heavy metals, organic constituents,
and pesticides must be listed.
As outlined in the Clean Water Act, a 401 ( 1 )
(1) Water Quality Certification from the Texas
Water Commission, indicating that this waste
water will not cause the violation of existing
stream standards and is in compliance with
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technology-based treatment standards will be
required for the NPDES permit application.

2 . 1 . 2 TWC Discharge Permit Requirements
Discuss permitting requirements with TWC
Permit engineers (if necessary).
Organizational details of the operatingentity.
Description of the processes and sourcesinvolved in the production and treatment
of waste water and storm water in the
pilot plant.
Quality of background water in terms of
standard pollutants, such as pH, total
suspended solids and BOD5 may be
required.
Estimated effluent quantity and quality
(believed present/absent) in terms of
heavy metals, organic constituents, and
pesticides resulting from theconstruction and operation of the pilotplant must be listed in the application.
Characteristics of the storm water, to be
discharged from the same outfall as the
pilot plant discharge must also be
included in the application (see Tables 4
and 6 in the TWC application for
constituents to be considered).
Ground level photographs of the site.
Effluent disposal path description and
discharge point location in terms of
latitude and longitude.
Physical characteristics of the receiving
water body during normal dry weather,
including flow and velocity measurements
and stream widths (4 to 10 transepts
required over a 0.5 mile length,
depending upon width and habitat
variability).
Downstream uses and accessibility of the
receiving water body (Little Whiteoak
Bayou).
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Othe r rece iv i ng water body o
characteristics, including drainage area, °
flow fluctuations, stream bends, average
bank erosion, percentage instream cover,
and width and composition of riparian
vegetation.
Location map on 7.5 minute scale
including site, tract boundaries anddischarge point.
Plot plan of facility showing treatment
facility location, maintenance areas,
etc.
Location map showing surrounding land
use, including nearby residential areas,
other waste disposal locations and 100-
year frequency flood level, at the site.
Names and addresses of persons owning
adjacent properties at least one mile
downstream from the proposed point of
discharge to the storm drain on site.
Proof of contact with and attempts to
obtain approval from any entity owning a
drainage ditch or conveyance to be used
to carry the treated waste water.
General nature of the business and SIC
code.
Local rainfall data.
Public notification in a local newspaper
and signs at the site.

2 . 1 . 3 Harris-Galveston Coastal Subsidence District
Since the wells being constructed are
strictly for use during remediation of a
CERCLA site, permits for the wells may
not be required. However, notification
by letter is encouraged out of courtesy.
Subsidence district regulations indicate
that some wells are exempt from
permitting requirements while others are
exempt from water metering. Water
quality monitoring wells are in the
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latter category and no mention is made of
exemptions for wells for the remediation
of CERCLA sites.
Discussions with the legal staff of the
Subsidence District have revealed that a
letter indicating activities at the site
with regard to the remedial action wells
would be in order. This letter should be
sent prior to construction of the pilotplant phase at the site. Since little
effort would be required to complete anapplication for each well, it isrecommended that a permit application becompleted and submitted for each well.

2 . 1 . 4 Effluent Characterization Data
Data regarding effluent characterization in
terms of pollutants and volume will be
determined during the field investigationphase of the remedial design work. Analysis
is expected to require four to six weeks fromthe date of collection. Upon receipt ofanalytical results, comparisons to influentand projected effluent parameters will be madeafter application of the projected treatment
efficiencies. In addition, the quality andquantity of affected storm water will beprojected and the need for treatment will be
determined. This treated effluent and storm
water data, along with other requiredinformation, will be used in the NPDES and TWC
discharge permit applications.

2.2 ARARs Considerations
ARARs identified in the Feasibility Study and the RODwill be reevaluated at the pilot plant stage to ensurecompliance with applicable or relevant and appropriaterequirements .

2.3 other Considerations
Environmental requirements promulgated during the designor construction phase of this project will be evaluatedby the engineer and Beazer and considered for theirappropriateness to this project. These include changesin stream standards, spill control regulations, stormwater control and treatment standards. The finaldischarge permit applications for the construction and

t--
r-
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operation of the remedial design phases of this project
will be the same permit applications as used for the
pilot plant discharge described but will be modifiedbased on final design and site configuration.

3 . 0 SUMMARY
As work progresses on the remedial action activities at the
South Cavalcade site, permitting needs and ARARs will be
evaluated. TWC and EPA will be notified of considerations orARARs which may be identified as applicable during site
activities, provided they were not identified in the ROD,
Feasibility Study, or Remedial Design Work Plan.
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Community Relations Plan
for the

South Cavalcade Site

OBJECTIVES
This plan outlines the efforts which will be made to inform thepublic of activities and decisions made concerning the Remedial
Design and Remedial Action at the South Cavalcade Site.
Specifically, the plan will endeavor to:

• Give the public the opportunity to comment on and provideinput to technical decisions
Inform the public of planned or ongoing actions
Focus and resolve conflict

SITE BACKGROUND
The South Cavalcade site is located in the northern section ofHouston, Texas. The site occupies approximately 66 acres forming
a rectangular shaped area with the longest dimension oriented northto south. The eastern and western boundaries of the site areformed by railroad tracks owned by Houston Belt & Terminal (HB&T) .
The northern edge of the property is bounded by Cavalcade Street
and the southern border runs along Collingsworth Street. (SeeFigure 1 . 1 )
Within the site, the area consists of Baptist Foundation of Texas
(Northwest Transport, Inc.) in the northern end, a large
undeveloped portion of land occupying the central region, and
Merchants Fast Motor Lines (Trucking Properties, Inc.) and
Palletized Trucking, Inc. in the southern end. The three
businesses are all trucking companies.

History and Description
In 1910, the National Lumber and Creosoting Compeiny acquired
ownership of approximately 55 acres to build and operate a woodtreating facility. National Lumber and Creosoting Company operated
the site until 1938 when they were acquired by the Wood PreservingCorporation, a subsidiary of Koppers Company. The facilities on
the site consisted of: Several buildings which housed wood
treating processing equipment and offices; railroad tracks on the
northern and southern ends; coal tar operations and storage tanks;
extensive lumber storage yards and two wastewater spray ponds.
Based on 1938 aerial photographs, processing operations, includingtreating cylinders, work tanks, drip tracks, and spray ponds, were
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(Nr-o\conducted along the southern portions of the site while storage of O
treated and untreated lumber was in the northern and middlesections of the site.
In 1940, the Wood Preserving Corporation was merged into Koppers
Company. In 1944 , Koppers Company incorporated and became KoppersCompany, Inc. Records indicate that the site was operated as awood treating and coal tar distillation facility until November
1962, when the plant was dismantled and the property was sold to
Merchants Fast Motor Lines, Inc.
On December 31, 1962, Merchants Fast Motor Lines sold the 55-acretract to Mr. Gene Whitehead who also purchased an additional 12+acres. Mr. Whitehead then subdivided the property and soldportions to the following current property owners:

Current Owner Purchase Date Acres
Merchants Fast Motor Lines. Inc. 4/02/69 8.5(Trucking Properties, Inc.)
Palletized Trucking, Inc. 10/26/77 10 .3
Baptist Foundation of Texas 11/06/69 2 2 . 5(Northwest Transport, Inc.)

A survey was conducted in 1983 to evaluate the suitability of thesite for use as a METRO maintenance yard and transit station.Results from the study indicated the potential for localized areasof affected soils and groundwater.
As a result of this survey, the site was referred to the TexasDepartment of Water Resources (TDWR). On April 16, 1984, the TDWRrecommended to the EPA Region VI that the South Cavalcade Site beplaced on the updated National Priorities List. On March 28, 1985,Koppers Company, Inc., entered into an Administrative Order onConsent with the EPA, Region VI in which it agreed to conduct aRemedial Investigation/Feasibility Study (RI/FS). In 1985, theRI/FS was initiated for the South Cavalcade site and completed inmid-1988. The Record of Decision (ROD) was signed by the EPA onSeptember 26 of that same year.
There was a change in the ownership of Koppers Company, Inc.,during 1988. As of June 30, 1988, BNS Acquisitions, Inc. ("BNSAcquisitions"), a Delaware Corporation, and an indirect wholly-owned subsidiary of Beazer PLC, acquired indirectly more than 90%of the outstanding command stock of Koppers Company, Inc.("Hoppers") and on November 14, 1988, acquired indirectly thebalance of the common shares. On January 20, 1989, BNSAcquisitions merged into Koppers, and on January 26, 1989, the nameof Koppers was changed to Beazer Materials and Services, Inc.
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( "BM&S" ) . On April 16, 1990, BM&S changed its name to Beazer East, §
Inc. (Beazer). O

SUMMARY OF REMEDIAL INVESTIGATION
The remedial investigation gathered environmental information to
define the nature and extent of the potential constituents of
concerns at the site and provided the basis for an engineeringevaluation of the most feasible methods of remediating the site.Particular attention was devoted to the identification of possiblesite related constituents migrating from the site which could
potentially endanger public health.

Nature and Extent of Problem
Current and past operations on this site have impacted the soils
and the upper aquifer and intermediate discontinuous zone bypolynuclear aromatic hydrocarbons (PAHs), metals, and volatile
organic compounds (VOCs) .

Soils
During the RI, four general areas were found to have elevated
concentrations of residual organics. Further analytical testing
revealed that PAH levels in those areas were responsible for the
high organic reading.
Since site related constituents were found in the surface (0 - 0.5
ft.) and surficial (0 .5 - 6.0 ft.) soils, the top six feet of soilin the four areas may require remediation.

Groundwater
Groundwater sampling during the RI indicated elevated
concentrations of site related constituents in the shallow aquifer
(approximately 6 to 20 feet below grade) . The majority of
compounds found were PAHs. Elevated levels of these constituents
were also found in the intermediate discontinuous sand lenses
(approximately 50 feet below grade). Two areas of affected
groundwater exist at the South Cavalcade site as defined in the RI;
one in the southern portion and one in the northern portion of the
site.
No detectable levels of any of these constituents were found in
deep monitoring wells.

009724



IT)<NAir Quality r-o^
An air quality investigation found that air constituents at the o
site were well below the permissible levels established by EPA.

SUMMARY OF RECORD OF DECISION
The ROD states that soil remediation using a combination of soil
washing and in situ soil flushing, and groundwater remediation
using physical/chemical separation followed by pressure filtration
and activated carbon adsorption can best satisfy the statutory
selection criteria.
Soils from the area located in the southeast corner of the site
will be excavated and washed. The washed soils will then be
returned to the previously excavated areas. These areas will then
be capped for soil stability.
In the areas of the north and south ends of the site to be
remediated by soil flushing, constituents will be flushed into the
upper water bearing layer where they will be extracted with the
groundwater.
During the design phase, sampling will be done to more fully definethe areas to be remediated by soil washing and soil flushing.
Groundwater will be extracted from the upper aquifer anddiscontinuous zone, treated, and reinjected in a series ofgroundwater extraction lines and injection lines in the southernpart of the site, and at least one extraction line and oneinjection line in the northern part. The extraction lines will besituated so that they intercept to the maximum extent possible the
affected groundwater before it flows from the site. Treated water
will be reinjected.
Groundwater may need to be processed several times to recover andtreat the non-aqueous phase. Groundwater collection will continueuntil the constituents in the groundwater have been recovered tothe maximum extent possible. This point will be determined duringthe Remedial Action based on annual sampling of the groundwater.After this point has been reached, any remaining constituents will
be allowed to naturally attenuate to background levels.
Additionally, the ROD allows for in situ biological treatment ofsoil and groundwater if it can be demonstrated and EPA determinesthat this process can be implemented and operated at an efficiencyequal to or better than the method outlined above.
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SUMMARY OF REMEDIAL DESIGN OO
The Remedial Design will be accomplished in two phases. The first
will be a series of site investigations and pilot tests to
establish the design criteria followed by the second phase whichwill be the actual remedial design (RD) .

Design Criteria
A series of investigations and pilot tests will be performed at the
South Cavalcade Site to establish the design criteria, which will be
in the RD. Work will include:

Soil sampling to determine areal limits of site related
constituents above the action level defined in ROD.

• Pump testing of wells drilled on site to determine the well
spacing requirements, the volume and quality of the
recoverable groundwater.
Pilot testing of soil flushing agents and techniques using
a trench drain. This test may also involve the use of
biological agents.
Pilot testing of soil washing equipment and methods using
soil excavated from the southeast corner of the site.

• Pilot testing of water treatment equipment using water
collected from the pump testing, the soil flushing, and thesoil washing tests.

The site activities are expected to start approximately 8 months
after the entry of the Consent Decree and be completed in
approximately 26 months.

Remedial Design
When the design criteria has been established by the pilot testing,
the design of the remedial work will continue. This design will
produce detailed plans and specifications for remedial actions to
accomplish the requirements of the ROD. It will be reviewed by the
EPA at the 30% , 60%, 90% , and 100% levels of completion and must be
approved by the EPA prior to start of Remedial Action. It is
anticipated that the Remedial Design phase will be completed in
approximately 12 months.
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SUMMARY OF REMEDIAL ACTION O
The Remedial Action phase will follow approximately 7 months after
the approval of the Remedial Design phase. Site work may includethe following:

Mobilization and installation of soil washing equipment
Mobilization and installation of water treatment equipment
and storage tanks
Installation of injection and extraction wells
Installation of soil flushing facilities

• Excavation, washing and replacement of washed soils
• Capping of washed soils

It is anticipated the installation of site facilities and soil
washing, replacement and capping work will be completed within 60months. The extraction, treatment, and reinjection of groundwater
and the operation of soil flushing facilities may, however,
continue beyond this time period.

PROXIMITY AND SIZE OF AFFECTED POPULATION
The 1980 U .S . Census indicates that 9 , 5 5 0 people live withinone-half mile of the site. MTA's contaminant survey tested
existing off-site industrial and municipal groundwater wells near
the South Cavalcade sites and found no constituents of concern
which could be attributed to the sites. The closest city of
Houston public water supply well is located about 3 , 1 0 0 ft. east of
the site.

COMMUNITY INVOLVEMENT AT THE SITE
Reported citizen concern regarding these sites has been minimal.
At this time, no known public interest groups or adjacent residents
have expressed concern or raised questions about the site. Mediacoverage of the sites' NPL status was also limited: one or two
articles appeared in September 1984 issues of the Houston Chronicle
referring to Representative Florio's (D-N .J . ) announcement that EPA
proposed to include the sites on the updated NPL.
The South Cavalcade site is located in an area that is prone to
flooding. Considerable public concern was generated in December
1984 when chemicals were deposited on residents' properties from
flooding that occurred in areas a few miles east of the site.
Residents near the Cavalcade site have not, to date, expressedconcern about flooding from the property; however, local officials
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are concerned that residents and their families be informed in o\advance of the potential for exposure to constituents on or near §the sites.
A press release was sent out and Open House held concerning theRI/FS in September of 1985.
Fact sheets concerning this site have been published by the EPA in
November, 1990 and May, 1991 . An open house was held in August,
1988 prior to the Record of Decision being published in September
of 1988.

COMMUNITY RELATIONS TECHNIQUES AND ACTIVITIES
The following methods will be used to achieve the goals of this
Community Relations Plan during the Remedial Action:

Press Release/Fact Sheet: Beazer will distribute a press
release/fact sheet to local news publications prior to the
start of activities to announce both the stcirt of site
activities and give notice of a. public Open House to be held to
describe the upcoming activities and answer questions.
Briefings for State, County, and Local Officials: The Mayor of
Houston, Harris County, Precinct 1 Commissioner and District
Engineer will be briefed on the details of the site activities,design schedule, and contingency plans to inform them as to the
rationale and appropriateness of the design work and answer any
questions they may have. A USEPA representative may be presentat all briefings.
Public Open House: An Open House will be held prior to
on-site work to explain the site activities to the general
public and answer any questions they may have, and workshopswill be held periodically at milestones during the RemedialAction. A USEPA representative may be present at the OpenHouse/Workshop.
Newsletter: During both the Remedial Design and Remedial
Action, Beazer East, Inc. will publish and distribute an
informal newsletter describing site activities and announcing
significant milestones. The following disclaimer will be
included on all releases, newsletters, and fact sheets: "TheUnited States Environmental Protection Agency (EPA) and South
Cavalcade Potentially Responsible Parties (PRPs) are separate
entities. This publication was prepared by Beazer East, Inc.who is solely responsible for its contents".

Public Information Repositories: Local access to project documents
will be provided by maintaining files of the pertinent documents in

8
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local libraries and public offices. Copies will be sent to the Q^following locations: O

Houston Central Library
Government Documents Area
500 McKnney
Houston, Texas 77002
(713) 236-1313
Monday - Friday 9 a.m. to 9 p.m.
Saturday 9 a.m. to 6 p.m.
Sunday 2 p.m. to 6 p.m.
Houston-Galveston Area Council
3555 Timmons
Suite 500
P.O. Box 2277
Houston, Texas 77227
(713) 627-3200
Monday - Friday 8 a.m. to 6 p.m.
City of Houston
City Secretary's Office
910 Bagby
Houston, Texas 77002
(713) 247-1000
Monday - Friday 8 a.m. - 5 p.m.
Environmental Protection Agency
Region 6 Library
1445 Ross Avenue, Suite 1200
Dallas, Texas 75202-2733
(214) 655-6444
Monday - Friday 8 a.m. - 4:30 p.m.
Texas Water Commission
Stephen F. Austin Building
1700 North Congress Avenue
Austin, Texas 78711-3087
(512) 463-7830
Monday - Friday 8 a.m. - 5 p.m.

The following disclaimer will be included on all releases,
newsletters, and fact sheets:
"The United States Environmental Protection Agency (EPA) and SouthCavalcade Potentially Responsible Parties (PRPs) are separate
entities. This publication was prepared by Beazer East, Inc., who
is soley responsible for its contents".
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SCHEDULE OF COMMUNITY RELATIONS ACTIVITIES
The Community Relations Activities are scheduled to be performed asfollows. The schedule will be based on the effective date of
entering the Consent Decree.

omr-CTNOO

Time After Entering theConsent Decree_____
240 days

240 days
240 days
42 *8 months

As required during theRemedial Design andRemedial Action

Event
Press release and fact sheetannouncing start of siteactivities
Brief local officials
Open House
Press release and fact sheetexplaining the RemedialDesign
Informal
news1etters/workshopsdescribing activities andannouncing significantmilestones

10
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PROJECT MILESTONES
The following milestones are anticipated during the Remedial
Design and Remedial Action phases of the project:

mrÔNOO

Months after entering the
Consent Decree_______
1 month

7 months
6 h months
7 \ months

26 months
3 3 ̂  months

2 6 months
37 months

37 months

41^ months
42 months
105 months
108 months

116 months

118 Months

MAILING LIST FOR FACT SHEET

Event
Submit Remedial Design Work
Plan (RDWP)
Issuance of NPDES Permit
EPA approval of RDWP
Start field work for SiteInvestigation
Complete field work
EPA approval of pilot study
reports
Start Remedial Design
EPA approval of Remedial
Design
Submit Remedial Action Plan
(RAP)
EPA approval of RAP
Start Remedial Action
EPA acceptance of RA
Submit Remedial Action
Report
EPA approval of Remedial
Action Report
Issue Certificate of
Completion

In addition to local officials listed above and the repositories
shown, the following list of individuals will receive the fact
sheet.

(Attachment A, Mailing List to be provided by EPA)
11
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